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ABSTRACT 


This  report  presents  the  results  of  the  analysis  and  design  of  a  static  ground  test  version  of  a 
Quiet  Research  Test  Vehicle  (QRTV)  utilizing  flightworthy  propulsion  system  components.  Also 
included  is  a  discussion  of  the  fabrication  of  a  sufficient  number  of  propulsive  struts,  employing 
multiple  micro-jets,  to  propel  a  Schweizer  SGS  2-32  sailplane  up  to  123  knots  airspeed. 

The  analysis  and  design  encompasses  the  information  required  to  modify  the  sailplane  struc¬ 
ture  to  incorporate  the  propulsion  system  for  basic  ground  tests.  The  design  of  the  static  ground 
test  is  not  covered  completely.  Overall  consideration  of  the  ultimate  QRTV  (light  version  lias  been 
a  primary  goal  in  the  analysis  and  design  phase  of  this  program. 

As  negotiated  originally,  the  modification  to  the  wing  structure,  necessary  to  install  the  span- 
wise  ducts  was  not  a  task  in  Phase  II.  Late  in  the  program,  the  analysis  and  design  of  the  spanwise 
wing  duct  installation  was  added  to  the  program.  Furthermore,  hot  pressure  tests  of  a  sample  pro¬ 
duction  propulsive  strut  were  also  included.  Results  of  these  two  additional  tasks  have  been  incor¬ 
porated  as  appendices  in  this  report. 
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I.  INTRODUCTION  AND  SUMMARY 


This  program  entitled  “Jet  Noise  Reduction  for  Military  Reconnaissance/Surveillance  Aircraft” 
has  consisted  of  two  phases.  The  first  phase  comprised  the  analysis,  design,  development  testing,  and 
selection  of  the  basic  components  of  an  integrated  “quiet”  propulsive-wing  concept.  One  task  in  this 
first  phase  dealt  with  the  preliminary  design  of  a  static  ground  test  stand.  The  primary  purpose  of 
the  test  stand  was  to  determine  the  static  propulsion  characteristics  of  a  system  ultimately  to  be  in¬ 
stalled  in  a  Schweizer  SGS  2-32  Sailplane.  The  modified  sailplane  was  designated  as  a  Quiet  Research 
Test  Vehicle  (QRTV).  The  test  stand  however,  was  conceived  in  a  “boiler-plate”  engine  installation. 

The  bench/wind  tunnel  tests  of  Phase  I  of  this  contract  resulted  in  the  selection  of  the  single 
row  of  microjet  nozzles  at  the  trailing  edge  of  the  propulsive  struts  which  will  be  arranged  in  closely- 
spaced  multistrut  arrays  on  the  upper  surface  of  the  wing  of  the  QRTV.  Based  on  the  data  obtained, 
the  predicted  aural  detectability  of  the  Quiet  Research  Test  Vehicle  will  be  significantly  less  than 
other  types  of  quiet  aircraft. 

As  Phase  I  approached  completion,  a  decision  was  made  by  the  Air  Force  to  proceed  into 
Phase  II  with  flightworthy  components  instead  of  the  “boiler-plate"  test  stand.  From  early  October 
1972  until  February  1973,  the  manner  in  which  Phase  11  was  to  be  conducted  was  considered  and 
became  established.  It  was  decided  that  the  funds  allocated  for  this  phase  of  the  program  would  be 
expended  mainly  in  the  analysis  and  design  of  a  flightworthy  integrated  “quiet”  propulsive  wing 
system.  It  was  also  decided  that  a  portion  of  these  funds  should  be  used  for  the  fabrication  of  a 
sufficient  number  of  propulsive  struts  for  the  QRTV. 

This  report  presents  the  results  of  the  analysis  and  design  of  this  system  as  well  as  a  descrip¬ 
tion  of  the  techniques  employed  in  the  fabrication  of  the  propulsive  struts  It  shows  that  the  concept 
of  this  particular  QRTV  is  very  feasible  and  presents  the  detailed  analyses  of  the  propulsion  system 
and  its  structural  and  weight  aspects  with  regard  to  the  adaptation  of  this  system  to  the  Schweizer  SGS 
2-32  Sailplane. 

A  separate  contractual  item  is  the  complete  set  of  layout  and  detail  drawings  showing  how 
this  quiet  propulsion  system  can  be  installed  in  the  QRTV. 

Appendices  A  and  B  of  this  report  summarize  the  results  of  the  two  tasks  added  to  the  con¬ 
tract  during  the  latter  part  of  Phase  11.  Appendix  A  contains  a  summary  of  the  detailed  design  of  the 
duct  installation  in  the  wing  of  the  Schweizer  SGS  2  32  Sailplane.  The  results  in  Appendix  B  pertain 
to  the  hot  pressure  testing  of  a  sample  production  propulsive  strut,  selected  at  random,  to  ascertain 
the  structural  integrity  of  the  flightworthy  struts.  These  tests  revealed  an  inadequacy  in  a  secondary 
structural  element  caused  by  the  inadvertent  choice  of  incompatible  materials  and  fabrication  tech¬ 
niques.  An  acceptable  repair  placed  the  struts  in  the  flightworthy  hardware  status. 


II.  ANALYSIS  AND  DESIGN  OF  THE  QUIET  RESEARCH  TEST  VEHICLE 


A.  GENERAL  DESCRIPTION 

The  Quiet  Research  Test  Vehicle  (QRTV)  may  be  described  as  a  Schweizer  SGS  2-32  Sail¬ 
plane  modified  to  incorporate  an  integrated  “quiet”  propulsive  wing.  This  propulsive  wing  consists 
of  internal  spanwisc  ducts  which  supply  the  mixed  exhaust  gas  from  the  Williams  Research  Corp-  . 
oration  WR-19  turbofan  engine  to  an  arrangement  of  multiple  microjet  thrusting  struts  as  depicted 
schematically  in  Figure  I .  These  struts,  installed  on  the  wing  of  the  Schweizer  sailplane,  will  provide 
a  level  of  thrust  sufficient  to  propel  the  aircraft  to  airspeeds  in  excess  of  120  knots.  The  nominal 
design  cruise  speed,  however,  has  been  set  at  60  knots.  Figure  2  portrays  the  general  arrangement 
of  the  SGS  2-32  Sailplane  with  the  propulsive  struts  and  engine  inlet. 

The  original  primary  goat  of  this  Phase  11  of  the  program  was  to  analyze  and  design  a  system 
complete  enough  to  conduct  a  series  of  static  ground  tests  to  prove  the  propulsive  characteristics  of 
the  flightworthy  components  of  this  unique  propulsion  system.  A  secondary  goal  was  to  obtain 
quantitative  measurements  of  the  noise  environment  produced  by  the  engine/propulsion  system 
installation.  However,  the  negotiated  end  product  of  Phase  II  was  to  analyze  and  finalize  the  design 
of  this  system  and  to  fabricate  approximately  500  of  the  propulsive  struts  for  eventual  installation 
on  the  SGS  2-32  Sailplane. 

B.  DESIGN 

During  Phase  II  of  this  Jet  Noise  Reduction  Program  the  layout  and  detailed  design  drawings 
required  to  fabricate  the  integrated  “quiet”  propulsive  wing  were  generated.  These  drawings  con¬ 
stitute  a  portion  of  Item  AOOA  of  the  Contractual  Data  Requirements  and  are  listed  in  Table  1 . 

A  general  discussion  of  the  design  aspects  of  this  propulsion  system  and  the  required  modifications 
to  the  aircraft  are  contained  in  this  section  of  this  report. 

I .  Propulsive  Struts  and  Mounting  Plates 

Design  of  the  propulsive  struts  evolved  as  a  result  of  a  Bell  Aerospace  Company  funded 
Manufacturing  Engineering  Development  Program.  This  program  proved  that  the  propulsive  strut 
trailing  edge  and  microjet  nozzles  could  be  punched  and  coined  from  a  preformed  blank  of  0.032 
inch  thick  606 1 -0  aluminum  alloy  sheet.  With  the  trailing  edge  and  nozzles  completed,  the  airfoil 
shape  of  the  strut  could  be  formed  by  use  of  an  internal  mandrel  and  hydraulic  press.  The  leading 
edge  and  tip  of  the  strut  were  joined  and  sealed  by  the  Tungsten  Inert  Gas  (TIG)  process.  Two 
airfoil  shaped  tension  posts  were  riveted  into  place  at  two  spanwise  locations  in  the  strut  to  prevent 
distortion  of  the  airfoil  shape  of  the  strut  under  the  anticipated  levels  of  exhaust  gas  pressure  and 
temperature.  A  flare  was  provided  at  the  base  of  the  strut  for  TIG  weld  attachment  of  the  strut 
mounting  plates. 

The  mounting  plates  were  designed  in  sections  to  accommodate  between  8  and  1 2  struts 
so  as  not  to  interfere  with  the  rib  structure  of  the  wing.  The  mounting  plates  will  also  be  0.032  inch 
thick  6061  aluminum  sheet  and  will  be  punched  to  match  the  airfoil  shape  of  the  flared  strut  base. 
The  mounting  plates,  with  struts  attached,  will  be  sealed  with  RTV  or  similar  compound  and  riveted 
to  the  underside  of  the  Titanium  backup  plate  which  constitutes  the  top  surface  of  the  spanwise 
wing  duct. 


434  STRUTS  (217  PER  SIDE) 


321  (26. 75  FT) 
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Strut  Plate  Any.  -  Jet  None  Reduction 

Cover  Plat*  Any.  -  Inboard  Section  -  Jet  Notn  Reduction 

Cover  Plate  Any.  -  Center  Section  •  Jet  Noin  Reduction 

Cover  Plate  Any.  -  Outboerd  Section  -  Jet  Noin  Reduction 

Exhaust  Ducting  -  Engine  -  Jet  Noin  Reduction 

Duct  Any.  -  Inboard  Saction  -  Wing  •  Jet  Noin  Reduction 

Duct  Assy.  -  Center  Section  •  Wing  •  Jet  Noin  Reduction 

Ouct  Assy.  •  Outboard  Section  -  Wing  •  Jet  Noin  Reduction 

Expansion  Joint  -  Inboard  •  Wing  -  Jet  Noin  Reduction 

Expension  Joint  -  Center  -  Wing  -  Jet  Noin  Reduction 

Expension  Joint  -  Outboerd  -  Wing  •  Jet  Noin  Reduction 

Duct  Installation  •  Wing  •  Jet  Noin  Reduction 

Angie  -  Wing  Duct  -  Jet  Noin  Reduction 

Restraint  -  Wing  Duct  -  Jet  Noin  Reduction 

Strut  Assy.  -  Jet  Noin  Reduction 

Tee  -  Wing  Ouct  •  Jet  Noin  Reduction 

Support  -  Wing  Ouct  -  Jet  Noin  Reduction 

Link  ■  Wing  Duct  -  Jet  Noin  Reduction 

Propulsion  Installation  and  Funlaga  Modification  -  Jet  Noin  Reduction 

Fuselage  Doubler  Insteiletion  •  Wing  Root  -  Jet  Noin  Reduction 

Bulkheed  Assy.  •  Sta.  128.939  -  Jet  Noin  Reduction 

Support  Installation  -  Lower  -  Sta.  129.189  -  Jet  Noin  Reduction 

Bulkheed  -  Upper  •  Sta.  129. 189  -  Jet  Noin  Reduction 

Bulkheed  -  Sta.  153.0  and  154.37  -  Jet  Noin  Reduction 

Aft  Fuselage  (Modified)  Glider  •  Jet  Noin  Reduction 

Truss  Installation  •  Wishbone  Structure  Replacement  -  Jet  Noin  Reduction 

Fitting  -  Wishbone  Structure  Repleeement  -  Jet  Noin  Reduction 

Support  Installation  -  Engine  -  Jet  Noin  Reduction 

Mounting  Plates  -  Engine  Vibration  Mount  -  Jet  Noin  Reduction 

Engine  Mount  Pad  -  Engine  Vibration  Mount  -  Jet  Noin  Reduction 

Center  Support  Assy.  -  Engine  -  Jet  Noin  Reduction 

Engine  Enclosure  -  Lower  ■  Jet  Noin  Reduction 

Shear  Deck  Installation  •  Engine  Mount  -  Jet  Noin  Reduction 

Engine  Enclosure  and  Inlet  Duct  -  Upper  -  Jet  Noin  Reduction 

Shear  Deck  Installation  -  Sta.  129.189  ■  Sta.  153.00  -  Jet  Noin  Reduction 

Inlet  Acoustic  Baffle  -  Assy,  and  Installation  -  Jet  Noin  Reduction  - 

Engine  Controls  and  Instrumentation  Installation  -  Jet  Noin  Reduction 

Flap  Geometry  -  Schweizer  Wing  -  Jet  Noise  Reduction 

Rib  Root  -  Sta.  18.75  -  Jet  Noise  Reduction 

Rib  Intermediate  -  Sta.  27.0  -  Jet  Noise  Reduction 

Rib  Assy  -  Sta.  34.50  -  Jet  Noise  Reduction 

Rib  Assy  -  Sta.  42  -  Jet  Noise  Reduction 

Rib  Intermediate  -  Sta.  49.50  ■  Jet  Noise  Reduction 

Rib  Intermediate  -  Sta.  57.0  -  Jet  Noise  Reduction 

Rib  Intermediate  -  Sta.  64.5  •  Jet  Noise  Reduction 

Rib  Assy  -  Sta.  72  •  Jet  Noise  Reduction 

Rib  Assy  -  Sta.  79.50  -  Jet  Noise  Reduction 

Rib  Assy  -  Sta.  87  -  Jet  Noise  Reduction 

Rib  Intermediate  •  Sta.  98.0  -  Jet  Noise  Reduction 

Rib  Intermediate  -  Sta.  109.0-  Jet  Noise  Reduction 

Rib  Intermediate  -  Sta.  120.0  ■  Jet  Noise  Reduction 

Rib  Intermediate  -  Sta.  131.0  •  Jet  Noise  Reduction 

Rib  Intermediate  ■  Sta.  142.0  ■  Jet  Noise  Reduction 

Rib  Intermediate  •  Sta.  154.0  •  Jet  Noise  Reduction 

Cutouts  and  Reinforcements  ■  Wing  •  Struts  ■  Jet  Noise  Reduction 

Flap  and  Ribs  •  Wings  •  Jet  Noise  Reduction 
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2.  Wing  Duct  and  Backup  Plates 


The  span  wise  wing  ducts  which  wilt  supply  the  WR-19  turbofan  exhaust  gases  to  the 
propulsive  struts  were  designed  in  three  sections  for  each  wing  panel  in  order  to  alleviate  growth 
effects  due  to  exhaust  gas  temperatures.  Each  section  will  be  attached  to  the  structure  of  the  ground 
test  stand  in  the  same  manner  as  it  eventually  will  be  mounted  in  the  sailplane  wing.  To  achieve  this 
the  links  and  brackets  were  designed  to  support  the  weight  of  the  duct  sections  and  to  restrain  the 
duct  from  movement  imposed  by  the  exhaust  gas  pressure,  the  propulsive  strut  thrust,  and  associated 
moments. 

The  duct  sections  are  of  a  rounded  trapezoidal  cross-section  which  taper  slightly  in  the 
spanwise  direction  in  both  width  and  height.  The  pressure  vessel  consists  of  0.032  inch  thick  6AI-4V 
titanium  with  0.040  inch  thick  chordwise  zee  section  stiffeners  spot-welded  to  the  duct  wall  at  ap¬ 
proximately  5  inch  spanwise  spacing.  The  zee  section  stiffeners  are  3/4  inch  deep  and  also  serve  as 
standoffs  for  an  0.03S  inch  thick,  porous,  sintered  stainless  steel  material  known  as  “Rigimesh”  pos¬ 
sessing  a  Rayl  Number  of  3S.  This  porous  material  will  act  as  an  acoustic  damper  on  the  two  sides 
and  bottom  of  the  wing  ducts. 

The  top  surface  of  the  duct  is  a  0.10  inch  thick  sheet  of  6AI-4V  titanium  which  is  sealed 
and  attached  by  channel  nut  plates  to  titanium  angles  welded  to  the  fore  and  aft  walls  of  the  span- 
wise  ducts.  This  sheet  constitutes  the  backup  plate  for  the  propulsive  strut  mounting  plates  and  will 
be  punched  with  clearance  holes  to  allow  the  propulsive  struts  to  protrude. 

The  wind  duct  sections  will  be  joined  and  sealed  together  by  means  of  custom  made 
flexible,  silicone  rubber  joints.  The  attachment  restraints  discussed  previously  will  prevent  any  span- 
wise  movement  of  the  duct  sections  relative  to  each  oth  r.  The  root  chord  end  of  the  inboard  duct 
section  is  similarity  joined  and  sealed  to  the  transition  section  of  the  bifurcated  exhaust  duct. 

3.  Fuselage  Modifications 

In  order  to  incorporate  this  propulsion  system  in  the  SGS-2-32  Sailplane,  it  will  be 
necessary  to  remove  and  replace  certain  components  in  the  fuselage  as  well  as  add  some  basic 
structural  elements.  The  following  series  of  nine  sketches  indicate  the  nature  of  these  fuselage 
modifications. 

4.  Engine  Installation 

The  engine  is  to  be  installed  behind  the  aft  crew  compartment  with  the  inlet  facing  the 
rear  of  the  aircraft.  This  was  done  in  order  to  locate  the  bifurcated  exhaust  duct  in  the  proper  position 
relative  to  wing  to  facilitate  connection  to  the  spanwise  wing  duct.  Furthermore,  this  orientation  of 
the  engine  provided  a  means  for  designing  an  inlet  duct  with  only  minor  modifications  to  existing 
aircraft  structure. 

Attachment  of  the  engine  to  the  fuselage  will  be  accomplished  by  utilizing  the  three 
mounting  pads  supplied  with  the  engine  bypass  duct.  Two  of  these  pads  provide  the  primary  support 
and  are  located  on  either  side  of  the  engine  in  the  plane  of  the  engine  centerline  just  downstream  of 
the  main  structural  frame  of  the  engine.  The  third  mount  comprises  a  stabilizing  link  on  the  bottom 
of  the  bypass  duct  just  upstream  of  the  flange  for  attachment  of  the  bifurcated  exhaust  duct.  Addi¬ 
tional  structural  components  have  been  incorporated  in  the  fuselage  to  transmit  engine  weight  and 
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Sketch  3  -  Lower  Bulkhead;  Fuselage  Station  129.18? 

For  installation  of  the  lower  portion  of  the  engine  enclosure. 

It  will  be  necessary  to  remove  that  portion  of  the  lateral  extrusion 
shown  in  the  upper  section  of  sketch  between  buttock  lines  11.150. 
The  lower  channel  will  be  added  to  maintain  structural  integrity 
at  this  fuselage  station.  This  added  channel  will  also  be  employed 
as  support  for  the  main  engine  mounts.  A  flanged  shear  web  will  be 
added  from  buttock  lines  9.750  and  riveted  to  the  existing  fuselage 
bulkhead.  The  lower  part  of  the  engine  enclosure  will  be  attached 
to  the  flange  of  this  shear  web.  The- added  7/8  inch  diameter  hole 
will  be  provided  as  a  clearance  hole  for  the  wing  rear  beam  attach¬ 
ment  pin. 


Sketch  6  -  Fuaelage  Frame  Assembly  (Engine  Aceeee) 


Tins  sketch  portrays  the  overall  fuselage  frame  assembly  discussed 
in  detail  on  Sketches  4  and  5.  It  should  be  noted  that  the  portion 
of  the  fuselage  forward  of  fuselage  station  129.189  and  above  water 
line  16.220  Is  a  presently  removable  fairing  aft  of  the  crew  compart¬ 
ment  canopy. 


Sketch  7  -  Engine  Mount  Support 

This  sketch  depicts  the  additional  structural  members  required 
to  support  the  engine  on  the  basic  aircraft  structure.  The 
lateral  channel  and  vertical  angle  at  fuselage  station  120.600 
will  be  added  as  the  structural  tle-ln  for  the  single  rear  engine 
mount;  the  channel  at  station  129. 1?9  will  provide  support  for 
the  two  forward  engine  mounts.  These  two  lateral  channels  will 
be  tied  together  with  the  shear  web  shown.  The  edges  of  the  shear 
web  will  be  stabilized  by  two  angles,  which  In  turn  will  be 
riveted  to  the  fuselage  skin.  Also  Included,  but  not  shown  In 
the  sketch,  ere  two  compression  structural  members  which  will 
restrain  the  engine  under  a  20g  ultimate  horizontal  load. 
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Sketch  8  -  Engine  Enclosure  and  Inlet  Layout 

This  sketch  depicts  the  general  arrangement  of  the  engine  enclosure 
and  inlet.  The  lower  engine  enclosure  will  be  relatively  perman¬ 
ently  installed  in  the  aircraft;  whereas  the  upper  engine  enclosure 
and  inlet  assembly  will  be  readily  removable  for  engine  maintenance. 


Sketch  9  -  Replaced  Wing  Load  Support  Structure 

The  structure  shown  In  the  sketch  will  replace  the  original  wing 
load  support  structure  in  the  aircraft  which  must  be  removed  to 
provide  clearance  for  the  engine  installation.  The  fitting  located 
on  the  ship  centerline  wi  h  the  face  at  fuselage  station  105.124 
attaches  to  the  wing  main  carrythrough  structure. 


thrust  reaction  loads  to  primary  aircraft  structure.  A  restraining  structure  has  also  been  designed  to 
be  installed  and  attached  to  the  two  primary  support  pads.  This  structure  consists  of  two  compression 
members  which  will  restrain  engine  movement  under  a  10  g  longitudinal  impact  load. 

5.  Exhaust  Duct  and  Transition  Section 

The  exhaust  duct  for  the  engine  in  this  installation  will  be  bifurcated  just  downstream  of 
the  last  turbine  stage  and  each  ieg  will  go  through  a  90  degree  bend  during  which  the  cross-sectional 
shape  will  vary,  at  constant  area,  from  semi-annular  to  a  2  to  I  ellipse.  Actually,  this  section  of  the 
exhaust  duct  will  he  a  portion  of  that  used  for  the  Indivfdual  Lift  Device  (Jet  Beit)  under  Contract 
No.  DA  23-204-AMC -037 !  2(T )  Another  short  section  of  duct  will  provide  a  means  of  varying  the 
elliptical  section  to  circular  as  well  as  executing  a  slight  bend.  This  will  properly  orient  the  two  cir¬ 
cular  duct  sections  for  attachment  to  the  wing  duct  by  means  of  the  transition  section.  A  Marmon 
Clamp  Flange  is  to  be  welded  at  the  downstream  ends  of  these  circular  ducts  as  well  as  at  the  up¬ 
stream  ends  of  the  transition  sections. 

The  transition  section  constitutes  a  slight  diffuser  and  also  changes  the  duct  cross- 
sectional  shape  from  circular  to  a  shape  which  matches  the  rounded  trapezoidal  shape  of  the  span- 
wise  wing  ducts.  The  transition  piece  will  be  attached  to  the  wing  duct  by  means  of  a  custom  made, 
flexible  silicone  rubber  joint  and  to  the  circular  exhaust  duct  by  means  of  a  Marmon  clamp.  The 
Marmon  clamp  joints  comprise  the  disconnect  points  in  the  exhaust  ducts  for  removal  of  the  wing 
ducts  from  the  engine  installation  in  the  fuselage.  During  operation  of  the  system  during  static  ground 
tests,  these  joints  also  allow  one  foot  long  circular  instrumentation  sections  to  be  installed  for  the 
purpose  of  measuring  exhaust  gas'pressures  and  temperatures.  From  these  data  the  magnitudes  of  the 
exhaust  gas  velocities  and  weight  flows  entering  the  wing  ducts  can  be  ascertained. 

6.  Engine  Enclosure  and  Inlet  Duct 

The  genera!  appearance  of  this  installation  is  shown  schematically  in  Sketch  8.  page  1 1. 
Except  for  the  curvature  in  the  inlet  duct  entering  the  plenum  chamber  at  the  engine  inlet,  it  can  be 
seen  that  the  engine  enclosure  and  inlet  duct  are  made  up  of  essentially  flat  0.040  inch  thick  aluminum 
alloy  sheet.  In  the  areas  of  the  inlet  duct  and  plenum  chamber,  where  the  internal  flow  velocities  will 
create  a  slight  static  pressure  differential,  these  flat  panels  have  been  reinforced  against  undue  de¬ 
flections  by  properly  placed  hat  section  stiffeners.  The  entire  inner  surface  of  the  inlet  duct  and 
plenum  will  be  lined  with  a  porous  (Rayl  Number  35),  sintered,  stainless  steel  acoustic  barrier.  This 
material  is  held  away  from  the  duct  wall  by  approximately  1/2  inch  by  the  hat  section  stiffeners 
mentioned  previously.  The  bottom  section  of  the  engine  enclosure  is  similarily  lined  to  provide 
acoustic  treatment  without  the  fuel  and  oil  absorption  characteristics  of  fiberglass  mat.  The  exterior 
of  inlet  duct,  plenum  chamber,  and  lower  engine  enclosure  are  to  be  covered  by  two  layers  of  1/4 
inch  fiberglass  mat  with  a  thin  lead  septum  between  to  act  as  a  noise  absorber  and  dampener.  The 
inner  surface  of  upper  engine  enclosure  is  also  lined  with  this  fiberglass  mat/lead  septum  material. 

The  design  is  such  that  by  removing  the  existing  aerodynamic  fairing  aft  of  the  crew 
compartment,  the  entire  inlet  duct  and  upper  engine  enclosure  may  be  readily  removed  for  easy 
accessibility. 


7.  Engine  Controls  and  Instrumentation 

Once  the  engine  is  started  and  has  reached  ground  idle  speed,  control  of  its  operation 
is  extremely  simple.  All  accelerations  and  decelerations  of  the  engine  are  automatically  controlled 
within  the  fuel  controller.  All  that  is  necessary  is  a  throttle  quadrant  mounted  at  the  left  side  of 
the  pilot’s  compartment  with  the  proper  detents  for  ground  idle,  flight  idle  and  maximum  power. 
This  is  connected  to  the  throttle  lever  on  the  fuel  controller  by  means  of  a  flexible  cable  and  conduit. 

Instruments  for  monitoring  engine  performance  during  start  and  operation  will  be  in¬ 
stalled  in  the  existing  instrumentation  panel  of  the  Schweizer  SGS-2-32  Sailplane  as  depicted  in 
Figure  3.  It  will  be  noted  that  the  instruments  presently  in  use  on  the  sailplane  will  remain  in  the 
panel. 


The  pilot  will  perform  the  operations  necessary  to  air  crank  and  ignite  the  WR-19  engine 
and  will  utilize  the  normally  open  momentary  switches  installed  in  the  panel  for  these  purposes. 

Figure  4  contains  the  schematic  diagram  for  the  necessary  internal  wiring  for  the  QRTV. 

It  was  deemed  advisable  to  provide  additional  information  pertaining  to  engine  operation 
during  the  conduct  of  the  static  ground  tests.  Consequently,  the  external  auxiliary  instrumentation 
shown  in  Figure  5  has  been  designed  from  which  fuel  supply  pressure,  engine  vibration  and  very 
accurate  high  and  low  pressure  spool  speeds  may  be  obtained.  It  is  anticipated  that  this  panel  will  be 


14 


Figure  4.  Internal  Aircraft  Wiring 


Figure  5.  Auxiliary  Engine  Instrumentation 
(Located  on  Separate  Cart) 

located  such  that  it  may  be  viewed  by  the  pilot  as  well  as  a  ground  observer.  The  corresponding 
wiring  schematic  for  this  external  panel  is  contained  in  Figure  6. 


WMMn 


Figure  6.  External  Instrument  Panel  Wiring 


The  WR-19  engine  is  started  by  first  air  cranking  the  engine  up  to  a  nominal  ignition 
speed  beyond  which  it  is  self-sustaining  and  will  accelerate  to  the  ground  idle.  The  air  cranking 
operation  will  he  accomplished  with  an  external  source  of  compressed  “breathing"  air  which  is  piped 
through  a  filler,  regulator,  and  quick  disconnect  fitting  to  a  built-in  nn/./lc  directed  at  the  high  speed 
turbine.  This  system,  shown  in  Figure  7.  will  be  employed  for  cranking  the  engine  during  both  the 
static  ground  tests  and  the  eventual  flight  tests. 


0**“* 


Figure  7.  Air  Start  Cart  Schematic 


Figure  7  also  contains  a  schematic  of  a  gravity  feed  external  fuel  tank  with  a  quick  dis¬ 
connect  fitting  to  the  WR-19.  This  system  is  for  use  only  during  the  static  ground  tests.  Space  and 
weight  provisions  have  been  included  in  considerations  of  the  QRTV  for  an  internal  fuel  tank;  how¬ 
ever,  the  design  of  this  system  was  not  planned  for  this  phase  of  the  program. 

8.  Static  Thrust  and  Exhaust  Flow  Instrumentation 

While  not  a  specified  task  in  Phase  II  of  the  Jet  Noise  Reduction  Program,  it  was 
necessary  to  take  into  consideration  certain  aspects  in  the  design  and  fabrication  of  the  ground  static 
test  stand,  as  well  as  the  QRTV,  in  order  to  analyze  and  design  those  components  specified  in  the 
nine  contractual  tasks.  It  had  been  concluded  early  in  this  phase  that  utilization  of  the  sailplane 
transport  trailer  as  the  basic  test  stand  structure  represented  the  most  expeditious  approach.  By 
suspending  the  forward  end  of  the  trailer  bed  on  cables  arranged  to  restrict  lateral  motion  and  by 
supporting  the  aft  end  on  a  low  friction  roller  mounted  in  an  adjustable  support,  the  trailer  bed  will 
be  free  to  move  in  the  fore  and  aft  direction  only.  Restraint  of  this  motion  by  a  suitably  positioned 
load  cell  will  provide  a  direct  means  of  quiet  propulsion  system  thrust  measurement. 

As  discussed  in  Section  II-B-5,  the  Marmon  Clamp  joints  between  the  bifurcated  exhaust 
duct  and  the  transition  sections  to  the  spanwise  wing  duct  allow  installation  of  a  12  inch  long 
circular  duct  in  each  branch  for  exhaust  gas  flow  instrumentation  during  the  static  ground  tests.  This 
instrumentation,  listed  in  Tables  2  and  3  consists  of  an  equal  area,  cruciform  total  pressure  rake  with 
1 3  probes,  four  peripheral  static  pressure  taps,  and  five  thermocouples.  Data  recorded  from  these 
sensors  will  permit  an  evaluation  of  the  exhaust  gas  velocities  and  weight  flows  entering  each  of  the 
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TABLE  2.  PRESSURE  INSTRUMENTATION 


Visud 

Raooedad 

Range 

Accuracy 
(%  Full  Seda) 

Exhaust  InttrumanUtion  Saction 

Right  Brandt 

13  Total 

O 

0  to  IS  pdg 

±1% 

AStatic 

0 

0  to  IS  ptig 

m 

Loft  Brandi 

13  Total 

0 

Oto  ISpaig 

±1% 

AStatie 

0 

0  to  15  pdg 

±1% 

Enfinc  Monvtof  1  nstf  umantitton 

Ambient 

X 

TLE 

10to20pdc 

10.1% 

Cofnpftuof  Dttcharfc 

X 

0  to  100  paig 

±1% 

Oil  Pump  Outlet 

X 

Oto  100  pdg 

12% 

Fuel 

X 

-6  to  SO  pdg 

12% 

Start  Bottle 

X 

TLE 

Oto  3000  pdg 

12% 

Aircrank 

X 

TLE 

Oto  S00  pdg 

12% 

NOTES: 

O  »  Automatic  Recording 
TLE  -  Manual  Ta*t  Log  Entry 

TABLE  3.  TEMPERATURE  AND  MISCELLANEOUS  INSTRUMENTATION 


Parameter 

Vhud 

Recorded 

Range 

Accuracy 
(%  Full  Scale) 

Exhauit  Instrumentation  Section 

Right  Branch 

5  Points 

O 

0  to  1000°F 

11% 

Left  Branch 

5  Points 

0 

0  to  1000°F 

±1% 

Engine  Monitor  Instrumental! 

on 

Ambient 

X 

TLE 

0  to  120°F 

11% 

Exhaust  Gas 

X 

0  to  1200°F 

11% 

Engine  Bay 

5  Points 

X 

0  to  500°F 

11% 

Miscellaneous 

Engine  Rotor  Speed 

High  Pressure 

X 

TLE 

0  to  55,000  rpm 

10.1% 

Low  Pressure 

X 

TLE 

0  to  55,000  rpm 

10.1% 

Engine  Vibration 

X 

85  g 

12% 

System  Thrust 

X 

TLE 

0  to  550  lb 

11% 

NOTES: 


O 

TLE 


Automatic  Recording 
Manual  Te*t  Log  Entry 


spanwise  wing  ducts.  For  information  to  the  reader  these  tables  also  list  the  instrumentation  dis¬ 
cussed  in  Section  Ii-B-7  with  the  corresponding  instrument  range  and  accuracy. 

C.  PROPULSION  ANALYSIS 

1.  Installed  Propulsion  System  Analysis 

The  propulsion  system  analysis  has  been  conducted  for  the  purpose  of  determining  the 
internal  flow  characteristics  from  the  air  intake  through  the  propulsion  nozzles.  The  system  has  been 
sized  to  insure  that  the  WR-19  engine  will  be  operating  on  or  near  its  design  working  line  and  an 
estimate  has  been  made  of  the  installed  thrust.  Figure  8  illustrates  the  propulsion  system  station 
numbering  system  used  in  the  analysis. 


Pten  View 


Figure  8.  Inlet,  Engine,  and  Exhaust  System  Schematic 
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a.  Free  Stream  Conditions 


Ail  performance  estimates  have  been  made  assuming  a  standard  sea  level  day  with 
no  ram  pressure  recovery  in  the  inlet  at  airspeeds  below  80  knots.  The  nominal  sea  level  cruise 
velocity  is  60  knots,  requiring  an  engine  throttle  setting  between  ground  and  flight  idle.  The  esti¬ 
mated  air  capture  area  at  this  speed  and  throttle  setting  is  125  square  inches  which  will  be  less  than 
the  inlet  area.  The  ram  pressure,  which  will  be  0.09  psia  at  60  knots,  is  assumed  to  be  lost  in  the 
subsequent  diffusion  at  the  engine  inlet. 

b.  Inlet  and  Inlet  Duct 

A  screen  will  be  placed  across  the  inlet  opening  for  the  purpose  of  filtering  out  any 
debris  which  might  clog  the  microjet  exhaust  nozzles.  This  screen  will  be  constructed  of  woven  wire 
with  opening  widths  of  0.03 1 7  inch.  The  screen  solidity  is  specified  by  the  manufacturer  to  be 
42. 1  percent.  The  total  pressure  loss  through  the  screen  has  been  estimated  according  to  the  methods 
suggested  in  References  I  and  2  and  is  found  to  be  approximately  equal  to  the  air  stream  dynamic 
pressure  on  the  upstream  side  of  the  screen. 

The  air  will  pass  the  screen  and  continue  through  a  rectangular  inlet  passage  having 
a  well  rounded  inlet  fairing.  A  loss  of  0.1  of  the  inlet  dynamic  pressure  at  station  I  has  been  assumed, 
based  on  the  work  reported  in  Reference  3  .  As  the  inlet  Mach  number  is  not  expected  to  exceed 
0. 1 23  at  this  station,  the  inlet  loss  between  the  screen  and  station  I  will  never  exceed  0.1  psi. 

The  inlet  passage  width  will  remain  constant  and  the  passage  height  will  vary  con¬ 
tinuously  from  the  entrance  to  the  engine  face.  The  contraction  from  station  I  to  3  will  be  gradual 
and  the  loss  due  to  this  area  change  has  been  found  to  be  negligible.  The  inlet  duct  walls  will  be 
lined  with  Rigimesh  15  10  (Rayl  Number  35)  approximately  one-half  inch  from  the  duct  wall.  The 
surface  of  this  material,  while  porous,  is  very  smooth.  Even  if  completely  turbulent  rough  pipe  flow 
is  assumed,  the  total  pressure  loss  due  to  friction  between  stations  I  and  3  will  be  0.01  psi  or  less  at 
all  engine  throttle  settings.  The  contracting  section  of  the  inlet  passage  will  cause  the  air  to  acceler¬ 
ate  to  its  maximum  velocity  at  station  3.  At  a  takeoff  power  setting,  the  Mach  number  at  station  3 
will  attain  a  maximum  value  of  0.18. 

The  inlet  duct  will  provide  air  to  the  engine  inlet  plenum,  within  the  aircraft  fuse¬ 
lage.  through  a  constant  width,  diffusing  90  degree  turn.  The  loss  for  this  turn  (station  3  to  4)  has 
been  estimated  using  the  data  presented  in  Reference  3  as  a  guide.  There  will  be  a  50  percent 
area  increase  in  the  turn  and  the  total  pressure  loss  from  station  3  to  4  will  lie  approximately  60  per¬ 
cent  of  the  dynamic  pressure  at  station  3.  The  mean  Mach  number  of  the  flow  at  station  4  will  have 
been  reduced  to  0. 1 2  or  less,  due  to  the  diffusion  occurring  between  stations  3  and  4. 

The  air  entering  the  plenum  area  in  front  of  the  engine  must  again  turn  approxi¬ 
mately  90  degrees  into  the  engine.  It  is  expected  that  the  entire  dynamic  head  at  station  4  would 
lx:  lost  in  this  turn.  The  computed  total  pressure  at  station  5  is,  therefore,  96.7  percent  of  the 
ambient  pressure  when  the  engine  is  running  at  its  maximum  rating. 

The  foregoing  loss  analysis  was  based  on  using  empirically  determined  loss  factors 
for  each  inlet  subcomponent,  computing  the  loss  through  each  component,  and  adding  the  resulting 
losses.  Components  in  series  often  produce  a  different,  and  usually  larger,  value  for  pressure  loss 
than  indicated  by  the  sum  of  the  losses  estimated  for  these  components  individually.  To  allow  for 
this  possibility  a  total  pressure  loss  1 .5  times  the  value  resulting  from  the  individual  component 


analysis  has  been  assumed  for  the  quiet  airplane  inlet  at  less  than  maximum  throttle  settings,  the 
total  pressure  loss  has  been  assumed  to  vary  as  the  square  of  the  injet  How  rate.  The  estimated  inlet 
total  pressure  ratio  is  shown  in  Figure  9  as  a  function  of  engine  high  pressure  spool  speed  for  all 
values  from  ground  idle  (38.000  rpm)  to  takeoff  (54.000  rpm). 


Figure  9.  Installed  Engine  Inlet  Pressure  Recovery  Variation  with  Engine  Speed 


c.  Engine  Operating  Characteristics 

The  propulsion  system  will  be  powered  by  a  Williams  Research  Corporation  (WRC) 
Model  WR-19  type  engine.  Several  of  these  engines  were  built  and  tested  but  no  single  body  of 
detailed  test  data  exists  for  these  engines.  The  data,  assumed  to  apply  for  the  engine  in  this  analysis, 
are  a  composite  taken  from  that  acquired  during  the  Jet  Belt  Program  Iro  n  engine  Serial  Number  4. 
build  X,  PFRT  and  the  Serial  Number  I  baseline  data  tests.  Contact  with  WRC  has  indicated  this 
assumption  to  he  well  founded.  The  inlet  airflow,  mixed  exhaust  temperature,  fuel  flow,  and  mixed 
exhaust  total  pressure  used  are  shown  plotted  versus  the  high  pressure  (HP)  spool  speed,  between 
the  ground  idle  and  maximum  rating  points  as  defined  by  the  engine  specification.  These  data  are 
presented  in  Figures  10.  II,  12  and  1 3.  The  engines  from  which  this  data  was  gathered  were  run 
with  a  straight  tailpipe  of  sufficient  length  to  allow  the  hot  and  cold  exhaust  streams  to  mix.  The 
mixed  exhaust  was  then  expelled  through  a  convergent  nozzle  having  an  exit  area  of  30.4  square 
inches. 


d.  Bifurcated  Exhaust  Duct  and  Transition  Section 

l  lie  bifurcated  engine  exhaust  duct  will  collect  both  the  engine  secondary  bypass 
i low  and  the  pnni.tr)  flow  m  a  common  annular  passage  and  will  divide  the  How  into  two  equal 
pot  i tou>  to  be  delivered  to  each  wing.  I'he  two  branches  of  the  exhaust  duct  will  transition  from  a 
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Figure  10.  Engine  Inlet  Corrected  Airflow  Variation  with  Engine  Speed 


so 


HP  Spool  Sp**d 


RPM  «  10"’ 

Ja 


Figure  1 1 .  Engine  Corrected  Fuel  Flow  Variation  with  Engine  Speed 


Figure  13.  Mixed  Flow  Exhaust  Gas  Temperature  Variation  with  Engine  Speed 


srm  -annular  shape  at  station  6  to  an  elliptical  shape  at  station  7.  The  duct  cross-sectional  area  has 
be*  i  designed  to  remain  constant  throughout  the  transition.  Simultaneous  with  the  duct  shape 
tr  isition,  the  How  in  each  duct  section  will  be  turned  approximately  90  degrees  toward  the  wing 
'  Ms.  The  duct  to  be  used  from  station  6  to  7  will  be  that  which  was  employed  on  the  Bell  Jet  Belt. 

The  total  pressure  loss  between  stations  6  and  7  will  be  due  to  the  mixing  of  the 
two  initially  co-axial  exhaust  streams,  to  turning  the  flow  90  degrees,  and  to  wall  friction  through 
the  complicated  transition  region.  The  tests  of  the  Serial  Number  I .  WR- 19  engine  show  that  the 
mixed  total  pressure  of  the  engine  running  at  takeoff  power  can  be  as  high  as  23.46  psia.  Test 
experience  with  the  Jet  Belt,  however,  indicates  that  with  the  proposed  duct  arrangement  the  total 
pressure  at  station  7  will  be  approximately  23.08  psia.  A  maximum  duct  Mach  number  of  0.347 
exists  at  this  station. 

The  ducting  will  make  a  constant  area  transition  from  an  elliptical  to  a  circular 
cross-section  between  station  7  and  8.  The  flow  will  also  be  turned  an  additional  25  degrees  aligning 
it  with  the  spanwise  wing  ducts.  The  total  pressure  will  be  further  reduced  by  the  friction  losses  in 
this  section.  The  total  pressure  is  expected  to  be  reduced  to  22.98  psia  as  it  reaches  station  8. 

The  duct  between  stations  8  and  9  will  transition  from  a  circular  section  to  an 
approximate  trapezoidal  section  which  will  match  the  shape  of  the  wing  duct.  In  addition  to  changing 
shape  the  duct  area  will  increase  by  a  factor  of  1 .365. 

As  the  throttle  is  advanced  across  its  full  range  from  ground  idle  to  maximum,  the 
wing  duct  mean  inlet  pressure  and  mean  Mach  number  will  increase  from  16.07  psia  and  0.140.  to 
22.73  psia  and  0.244  respectively. 

e.  Spanwise  Wing  Ducts 

The  wing  flow  channel  will  initially  be  trapezoidal  in  shape  and  taper  along  the 
wing  span  finally  becoming  triangular.  The  wing  duct  as  described  in  the  Design  Section  II-B-2  will 
be  lined  with  a  stainless  steel  acoustical  damping  material  known  as  Rigimesh  PMS  1510  which  has 
a  Rayl  Number  of  35  at  3000  feet  per  hour.  This  material  has  a  surface  finish  of  30  to  50  micro¬ 
inches  and  is  expected  to  produce  the  same  pressure  loss  due  to  surface  friction  as  a  drawn  tube  of 
similar  hydraulic  diameter.  The  exhaust  gases  will  tlow  from  the  wing  duct  into  the  propulsion 
nozzle  struts  at  regular  1 .25  inch  intervals  and  the  reduction  in  flow  along  the  span  of  the  duct  will 
be  greater  than  the  reduction  in  duct  area  due  to  taper.  The  net  effect  on  the  airflow  is  assumed  to 
be  the  same  as  if  the  air  were  flowing  through  a  curved  wall  conical  diffuser  of  equivalent  expansion 
ratio.  At  full  power  the  duct  total  pressure  may  be  expected  to  vary  between  22.73  psia  at  the  inlet, 
to  22.47  at  the  end  of  the  span.  This  will  result  in  less  than  2%  difference  in  the  airflow  through  the 
first  and  last  struts  along  the  span.  A  mean  value  has  been  used  for  the  wing  duct  total  pressure  in 
this  analysis.  This  mean  total  pressure  is  estimated  to  vary  between  16.05  and  22.65  psia  from  ground 
idle  to  maximum  power  setting. 

f.  Propulsive  Struts 

liacli  propulsive  strut  will  contain  70  small  microjet  nozzles  with  contoured  inlets 
and  approximately  0.040  inch  diameter  exits.  The  70  nozzles  will  be  arranged  in  line  along  the 
trailing  edge  of  the  strut,  and  will  be  spaced  one  mean  nozzle  exit  diameter  apart.  The  geometric 
exit  area  of  the  70  holes  of  each  strut  will  be  approximately  0. 1  square  inch.  Provisions  have  been 
made  for  up  to  434  struts  to  be  mounted  along  the  wings. 
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Tests  have  been  conducted  on  individual  struts  connected  to  a  plenum  box  tor  the 
purpose  of  establishing  their  discharge  coefficients.  The  discharge  coefficient  was  found  to  vary  with 
the  nozzle  throat  Reynolds  number  according  to  the  curve  shown  in  Figure  14.  The  aircraft  propulsion 
nozzles  exit  Reynolds  number  is  expected  to  vary  between  5.5  x  I0-*  and  1 04  depending  on  engine 
throttle  setting  and  aircraft  forward  speed.  Since  the  nozzles  will  Ik*  cor  toured  tire  velocity  co¬ 
efficient  has  been  assumed  to  Ik*  equal  to  the  discharge  coefficient.  The  determined  discharge  and 
velocity  coefficients  have  been  replotted  as  a  function  of  the  high  pressure  spool  speed  in  Figure  15 
as  a  convenience  to  tire  reader. 
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Figure  14.  Nozzle  Discharge  Coefficient  Variation  with  Throat  Reynolds  Number 


The  nozzle  exit  pressure  is  not  expected  to  deviate  significantly  from  the  static 
ambient  value  until  the  aircraft  attains  some  forward  speed.  At  the  predicted  cruising  speed  of  60 
knots  the  local  static  pressure  on  the  upper  surface  of  the  wing,  at  the  nozzje  strut  locations  is 
expected  to  be  14.56  psia  on  a  standard  sea  level  day.  — — ' 

At  the  ground  idle,  flight  idle,  and  maximum  engine  settings,  the  nozzle  exit  areas 
which  will  be  required  to  keep  the  engine  operating  on  its  design  working  line  have  been  computed 
for  zero  and  60  knots  flight  speeds.  These  points  are  shown  in  Figure  16.  The  required  area  values 
differ  because  the  nozzle  back  pressure  changes  with  forward  speed  and  the  nozzle  discharge  coeffi¬ 
cient  changes  with  Reynolds  number,  and  hence,  engine  throttle  setting.  Since  it  would  not  Ik* 
practicable  to  have  a  varying  exhaust  nozzle  area,  and  since  it  lias  been  shown  in  Reference  4  that 
the  engine  \J&ill  tolerate  a  change  of  1  10  percent  on  the  design  exhaust  area  with  little  change  in  engine 
IHTlormance,  a  fixed  total  110//I0  area  has  lieen  chosen.  It  is  recommended  that  of  the  available 


434  exhaust  struts  be  installed.  This  number  should  provide  a  good  compromise  exit  area  which  will 
keep  tiic  engine  operating  as  though  the  propulsion  nozzle  exit  area  is  within  5^  of  its  nominal  design 
value.  The  available  option  of  using  less  struts  or  adding  up  to  68  struts  to  the  wings,  coupled  with 
the  demonstrated  ability  of  the  engine  to  run  satisfactorily  at  other  than  design  point  operating  con* 
ditions.  gives  the  system,  as  designed,  enough  flexibility  to  insure  that  a  proper  match  between  the 
engine  and  its  exhaust  system  may  be  achieved  in  the  test  phase  by  merely  adding  or  removing  struts 
from  tire  mounting  stations  provided. 

2.  System  Performance 

Based  on  tin.'  foregoing  total  pressure  loss  analysis  the  system  performance  has  been 
estimated.  The  net  thrust  has  been  estimated  at  three  ratings,  ground  idle,  flight  idle,  and  maximum, 
and  two  speeds.  0  and  60  knots.  The  decrease  in  thrust  with  forward  speed  was  assumed  to  Ire  linear 
between  0  and  80  knots.  The  estimated  thrust  and  drug  is  shown  plotted  on  Figure  1 7.  The  maximum 
speed  attainable  will  be  approximately  1 23  knots  and  at  the  60  knot  cruise  speed  the  engine  throttle 
setting  requited  will  be  between  ground  and  (light  idle.  The  required  high  pressure  spool  speed  at 
cruise  will  be  42.000  rpm.  Table  4  contains  a  summary  of  the  estimated  cruise  performance  at  sea 
level. 
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TABLE  4 

ESTIMATED  SEA  LEVEL  CRUISE  PERFORMANCE 


Flight  Velocity 

60  knots 

High  Pressure  Spool  Speed 

42,000  rpm 

Exhaust  Flow  Rate 

6.81  Ib/sac 

Exhaust  Velocity  (mean) 

506  ft/sec 

Exhaust  Temperature  (total) 

833  °R 

Fuel  Flow  Ret* 

101  Ib/hr 

Groea  Thrust 

1061b 

Net  Thrust 

841b 

The  predicted  cruise  operating  point  is  shown  plotted  on  the  WR-19  Gas  Generator 
Characteristics  Curve  in  Figure  18.  It  has  been  confirmed  by  Williams  Research  Corporation  per¬ 
sonnel  that  the  engine  can  operate  continuously  at  this  point  and  that  the  low  pressure  compressor 
surge  margin  will  be  acceptable. 

The  estimated  exhaust  nozzle  exit  velocity  is  shown  in  Figure  19. 

D.  STRUCTURAL  CRITERIA  AND  ANALYSIS 

A  stress  analysis  was  made  of  each  element  of  the  QRTV  test  hardware  to  verify  structural 
integrity  in  a  flight  configuration  when  installed  in  a  Schweizer  SGS-2-32  Sailplane.  QRTV  test 
hardware  includes  modification  to  the  fuselage  for  installing  the  Williams  Research  Co.  WR-19 
engine  with  bifurcated  exhaust  duct,  engine  air  intake  system,  flight  test  instrumentation  and  fuel 
tank.  The  method  of  support  for  the  spanwise  duct  sections  with  microjet  nozzles  on  the  ground 
propulsion  test  rig  is  based  on  a  feasible  installation  in  the  sailplane  wing.  Adequate  provisions 
exist  for  wing  modification  and  rib  reinforcement. 

Sailplane  design  criteria,  loads  and  stress  analyses  were  supplied  by  the  Schweizer  Aircraft 
Corp.  Temperatures  and  pressure  data  were  obtained  from  the  propulsion  analysis  summarized  in 
Section  C. 

A  summary  of  the  materials  used  and  minimum  margins  of  safety  are  presented  in  Tables 
5  and  6. 

1 .  Structural  Design  Criteria  and  Loads 

The  critical  design  conditions  and  external  loads  for  each  mjyor  componet  are  summa¬ 
rized  in  Table  7. 


The  design  factors  of  safety  are  shown  in  Table  8. 


60  Knott 


Figure  19.  Propulsion  Nozzle  Exit  Velocity  Variation  wii 


TABLES.  SUMMARY  OF  MATERIAL  USAGE 
Mechanical  and  physical  properties  obtained  from  Reference  S 


ANoy 

Form 

Spao.No. 

Compmrnm 

202a  T3 

Alclad 

Shaat 

QQ- A- 250/5 

Engine  Support  Structure 

4130  StMi 

125  ksi 

Bat 

MIL-S-67S8 

Rastraint  (Wing  Duct) 

4130  Steal 

90  ksi 

Plata 

MIL-S-6758 

Link  and  Taa  (Wing  Duct) 

4130  Start 

125  ksi 

Shaat 

MIL-S-18729 

Angle  (Wing  Duct) 

Fitting  (Wish bona) 

4130  Start 

90  k« 

Shaat 

MIL-S-18729 

Support  (Wing  Duct) 

2024-T4 

Alclad 

Shaat 

QQ-A- 250/5 

Structure  (Wishbone) 

2924-T3611 

Bar 

QQ- A- 200/3 

Fitting  (Wishbone! 

2024-T4 

Extrusion 

QQ-A- 200/3 

Structure  (Widibone) 

6061-T4 

Shaat 

QQ-A- 250/11 

Structure  (Duct) 

2117-T3 

Rivet 

Struts 

TABLE  6.  SUMMARY  OF  MINIMUM  MARGINS  OF  SAFETY 


Critical 

leall^rtW^ 

Component 

Condition 

Section 

Location 

>« - -»  -4 

RUUVWI 

AM. 

7389430064 

Restraint  (Wing  Duct) 

A+a 

Pt  A 

4130  St.  125  ksi 

+2.05 

7389430063 

Angle  -  Wing  Duct 

A+B 

4130  St  125  ksi 

+0.16 

7389430067 

Support  -  Wing  Duct 

A+a 

A-A 

4130  St.  90  ksi 

+0.57 

7389430073-2 

Channel 

E-t  (Crash) 
E-1  (Crash) 

Pt.  A 

Rivet  Attach. 

2024-T3  Alclad 

AO  6  Rivets 

+0.49 

+0.20 

7389430073-3 

Channel 

E-1  (Crash) 
E-1  (Crash) 

Pt.0 

Rivet  Attach. 

2024-T3  Alclad 
AD  6  Rivets 

+0.15 

+0.08 

7389430084-9 

Gusset 

E-1  (Crash) 

A-A 

2024-T3  Alclad 

+1.67 

7389430079 

Bracket 

E-1  (Cradi) 

Rivet  Attach. 

No.  10  Screws 

Brg  in  2024-T3 
Alclad 

+0.49 

73894300779 

Fitting 

FI.  Cond.  1 

B-B 

4130  St  125  ksi 

+0.06 

7389430078 

Fitting 

FI.  Cond.  1 

C-C 

2024 -T  351 1  Bar 

+0.12 

73894300775 

Angle 

FI.  Cond.  1 

A-A 

2024-T4  Extr. 

+0.13 

7389430075-9 

Angle 

554  lb  Ult. 
Vert.  T.L. 

A-A 

2024.T3  Alclad 

+0.08 

Rivets 

Vert.  T.L. 

Rivet  Attach. 

AD  4  Rivets 

+0.08 

7389430085 

Stiffener 

Inlet  Duct 
Press. 

Mid-Point 

6061-T4 

+0.12 

36010 H 

Bulkhead 

Wishbone 

Load 

. 

WL  11.52 

2024-T4  Alclad 

+0.00 
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TABLE  7.  SUMMARY  OF  CRITICAL  DESIGN  CONDITIONS  AND  EXTERNAL  LOADS 


ConpoiiMt 

DitifR  Condition 

a.  Spenwiae  Wing  Ducts, 

Limit  Takeoff  Condition  Prasure  *  8.0  psi  at  550°F  Total  exposure  ■  1/2  hr 

Struts  and  nozzles 

Limit  Cruise  Condition  Pleasure  -  3.0  pal  at  380°F  Total  exposure  •  100  hr 
Estimated  Thrust  Load  *  1.5  lb  per  strut 

Flight  Maneuvering  Ref.  6,  Page  14 
■  +6.0,  -2.7  g 

TL  -  ±10  g 
^  -  ±2.0g 

b.  Engine  Installation 

Ultimata  Cradt  Load  Factors,  10.0  g  forward  within  a  20°  semi-angle  cone. 

Flight  Maneuvering  -  same  as  in  &  above. 

c.  Wishbone  Structure 

Ultimata  Shear  Load  •  2853  lb  applied  at  Fuse  Sta.  104.812  and  reacted  at 

Sta.  126.195.  Ref.  6  Page  47. 

d.  Frame  at  Sta.  129.189- 

Dwg.  3201 OH 

Strength  loss  by  eliminating  the  -7  extrusion.  Made  up  with  a  frame  cap  reenforce¬ 
ment  and  engine  support  structure.  Shear  -  1427  lb  -  (The  replaced  structure 
ultimate  shear  force.) 

e.  Fuselage  Shear  and  Bend¬ 

—  554  lb  ultimata  vertical  tail  load  applied  at  Fuse  Sta.  280  at  a  WL  to  produce 

ing  Loads 

a  fuselage  torque  of  25130  in.-lb.  Ref.  6  Pages  21  and  22. 

f.  Sta.  153  Frame 

Shear  flows  from  the  same  critical  condition  as  for  fuselage  shear  and  banding 
loads. 

g.  Engine  Inlet 

Limit  pressure  of  0.70  psi  at  the  angina  face  varying  linearly  to  zero  at  the  for¬ 
ward  inlet  faca  to  the  outside. 

TABLE  8.  DESIGN  FACTORS  OF  SAFETY 


Factor 

Structural  Component 

Yield 

(1) 

Ultimate 

(2) 

Pressurized  Ducts  and  Struts 

Pressure  only 

1.33 

2.00 

Combined  with  other  loads 

1.10 

1.50 

General  Structure 

1.10 

1.50 

NOTES: 

( 1 )  Yield  it  where  no  permanent  def lection  if  occurring  that  prevents  the  proper 
functioning  of  the  unit 

(2)  Ultimate  if  where  no  failure  occurs. 
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2.  Propulsive  Struts 

The  propulsive  strut  assembly  is  shown  on  BAC  Dwg.  No.  7389-430065.  The  strut  con¬ 
sists  of  an  0.032  inch  thick  6061-0  aluminum  alloy  strut  formed  to  the  airfoil  shape  with  the  trailing 
edge  nozzle  holes  punched  and  coined  prior  to  final  forming.  The  leading  edge  and  tip  are  simply 
TIG-welded,  while  the  base  isTIG-welded  to  an  0.032  inch  thick  6061-0  aluminum  alloy  seal  plate. 
The  chord  is  approximately  1 .69  inches  and  internal  posts  are  riveted  with  3/32  inch  diameter 
2 1 1 7-T3  aluminum  alloy  rivets  at  the  center  of  the  strut  to  limit  deflections  when  the  strut  is 
pressurized. 

An  element  test  was  conducted  on  a  strut  to  verify  structural  integrity.  The  stmt  tested 
had  a  chord  of  1 .50  inch  instead  of  1 .69  inch  as  for  the  nominal  stmt.  Three  posts  were  placed  in 
the  stmt  with  2-inch  spacing,  each  riveted  in  place  with  a  single  countersunk  flat-head  rivet,  sub¬ 
stantially  as  shown  on  the  drawing  of  the  flight-weight  stmt,  BAC  Dwg.  No.  7389-430049. 

The  test  procedure  included  four  “tests”  as  follows: 

(a)  Cmise  condition,  350°F,  3  psig 

(b)  2x  cmise  condition,  3S0°F,  6  psig 

(c)  Takeoff  condition,  550°F,  6  psig 

(d)  1 .33  x  takeoff  condition,  550°F,  8  psig 

Each  test  consisted  of  1 4  pressure  cycles  ( 1  minute  up,  hold  1  minute,  1  minute  down) 
at  temperature,  with  measurements  of  bulging  or  permanent  set  after  1 , 4  and  14  cycles.  Photos 
were  taken  after  each  test. 

There  was  no  permanent  set  after  tests  (a)  and  (b).  After  tests  (c)  and  (d),  the  permanent 
set  amounted  to  0.004  inch.  This  amounts  to  a  deflection  of  0.0015  of  the  chord  of  the  stmt,  for 
each  surface,  or  0.0010  of  the  spacing  between  rivets.  Any  bulging  was  visibly  imperceptible,  even 
on  the  polished  strut  surfaces. 

The  net  effect  on  the  airfoil  shape  of  the  stmt  is  a  change  in  t/c  from  15.7%  to  16%.  A 
2%  change  is  considered  acceptable  from  the  drag  standpoint  (less  than  3%  change  in  stmt  drag). 

Production  struts  may  have  slightly  more  bulging  than  the  stmt  tested  because: 

(a)  Chord  will  be  larger  by  ,  so  (assuming  zero  fixity  at  leading  and  trailing  edges) 

deflection  could  be  larger  =  142,  or  0.006  inch. 

(b)  Fixity  at  the  trailing  edge  will  be  reduced  by  a  factor  of  2  due  to  the  nozzles,  but 
since  the  difference  between  zero  fixity  and  infinite  fixity  contributes  less  than 
half  to  the  bulging,  this  change  in  fixity  means  an  additional  factor  of  1 .2  at  the  ' 
most. 

The  increasing  deflection  due  to  both  of  these  effects  (0.007  inch)  would  still  be  less 
than  half  of  the  acceptable  bulging.  If  necessary,  a  reduction  in  gage  could  be  considered. 
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Other  aspects  ot'  this  test  were  also  of  interest,  as  follows: 

(a)  A  minute  leak  was  detected  around  the  upset  head  of  one  of  the  rivets.  This  would 
he  acceptable  from  either  performance  or  acoustic  standpoints.  Nevertheless,  if  it  can  be  eliminated 
by  painting  the  rivets  with  zinc  chromate  before  upsetting  them,  this  would  be  desirable. 

(b)  The  process  of  TKJ-welding  the  tip  of  the  strut,  and  the  base  to  the  seal  plate, 
appears  to  be  completely  satisfactory:  no  leaks  wen:  observed. 

(c)  The  backup  plate  must  have  a  clearance  hole  large  enough  to  dear  the  TIG-weld 
bead,  or  else  must  be  countersunk  or  chamfered. 

(d)  The  indicated  rivet  placement  appears  to  be  satisfactory  from  an  acoustic  stand¬ 
point  of  preventing  resonance  of  the  strut  skin,  without  the  necessity  of  viscoelastic  damping 
material.  However,  the  cantilever  resonance  of  the  whole  strut  must  be  damped,  for  example,  by  a 
viscoelastic  (silicone  rubber)  seal  to  the  wing  skin. 

3.  Wing  Ducts  and  Backup  Plates 

Structural  details  are  presented  on  the  following  drawings: 

Inboard  -  BAC  Dwg.  No.  7389-430055 

Center  -  BAC  Dwg.  No.  7389-430056 

Outboard  -  BAC  Dwg.  No.  7389-430057 

The  wing  ducts  and  backup  plates  are  critical  for  combined  internal  pressurization  and 
flight  maneuvering  loads.  Spanwise  shear,  bending  and  torsion  loadings  due  to  flight  maneuvering 
are  negligible  in  comparison  with  the  pressurization  loadings.  At  the  attachment  points,  however, 
inertia  loads  due  to  flight  maneuvering  plus  pressurization  loads  are  critical. 

Condition  A.  Internal  Pressurization 

-  Max.  T.O.  Thrust  3  6.0  psi  Limit 

-Temp.  3  550°F  1/2  hour  exposure 

-  Ultimate  Pressure  3  10  psi 

-  Thermal  growth  shall  be  unrestrained 

Condition  B.  Flight  Maneuvering 

Reference  7,  page  14 

r\f  ~  +5.0,  -2.7  Limit  load  factor  arbitrarily  combined  with 
»?y  3  ±l.0g  and  r?x  =  ±2.0  g. 


a.  Stiffening  Analysis 

Maigins  of  safety  are  based  on  the  stresses  occurring  in  the  inboard  section  since 
pressurization  loadings  are  the  highest  for  the  largest  wing  duct.  Loadings  due  to  internal  pressure 
are  calculated  using  a  conventional  struin  energy  method  for  frames  with  a  finite  element  idealiza¬ 
tion  as  shown  in  Figure  20.  The  internal  bending  moments  in  the  stiffeners  and  backup  plate  are 
shown  in  Figure  21. 

The  bottom  section  of  each  wing  duct  consists  of  0.032  inch  thick  skin  stiffened 
by  0.040  inch  thick  zee  section  stiffeners  at  S.O  inch  spacing,  attached  by  spot-welding.  A  formed 
0. 1 25-inch  thick  angle  is  continuously  welded  on  one  flange  to  the  skjn  at  each  end.  The  backup 
plate  is  mechanically  fastened  to  the  other  flange  of  the  angle  thus  forming  the  top  section  of  each 
duct.  The  struts  are  attached  tt>  the  backup  plate  by  the  strut  seal  plate  with  rivets.  Material  used 
for  all  elements  of  the  wing  ducts  is  6A1-4V  titanium  sheet. 

The  minimum  margins  of  safety  occurs  in  the  stiffener  with  effective  skin  and  is 
calculated  as  follows: 


Maximum  moment  *  150  in.-lb/in.  Reference  Figure  21 

Stiffener  spacing  3  5.0 

Design  moment  on  Stiffener  3  150  x  5.0 

3  750  in  .-lb 


750  x  0.543 
fb  *  0.00985 


=*41200  psi 


b/t  of  flange  3  0.480/0.040  3  1 2  3  45000  psi  Reference  5 


MS. »  45000/41200-1  3  +0.095 
b.  Attachment  Analysis 

The  attachment  loads  for  the  inboard  and  center  wing  ducts  are  summarized  in 
this  section.  The  center  section  is  included  because  the  arrangement  is  different.  The  outboard  section 
arrangement  is  the  same  us  the  inboard  section  with  lower  attachment  loads  due  to  its  lighter  weight 
and  size.  Based  on  the  critical  attachment  loads  presented,  the  strength  of  the  attachment  brackets 
is  summarized. 


i 


i 
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13.38  *  10-  1338  in. 


Attachment  and  applied  load  nomenclature  and  geometry  are  shown  in  Figures 
22  and  23  lor  the  inhoard  and  center  sections,  respectively.  Total  inertia  loads  at  the  center  of 
gravity,  thrust  load  and  reacting  attachment  loads  lor  the  critical  conditions  are  shown  in  Figures 
24  and  25. 


A  stress  analysis  of  each  support  bracket  is  presented  on  pages  40  to  41 . 


Non: 

(T)  The  Thrust  Line  of  Action  is  5.5  in.  Above  Duct  Top  Plate 

(2)  Points  a  and  b  Line  Along  Wing  Sta.  34.5  and  0.85  in.  Below  Duct  Top  Plate 

(f)  Point  c  lies  on  Wing  Sta.  64.5  on  Duct  Bottom  Surface 


Figure  22.  inboard  Wing  Duct  Assembly 


Outboard 


Point  (b)  •  Drawing  No.  7389430064  on  inboard  duct. 


Material  >4130  steel  !  25  lui. 

Allowable  P  is  based  on  the  bending  strength  of  Section  A-A. 

1  »-7  (0.30)4  *  0.000398  in.4 
64 

(0  000398 \ 

)  *  332  in-lb 
0.15  / 

Allowable  P  *  332/0.35  =  948  lb 


Applied  P  *  3 1 1  lb  Ref.  Figure  24 
948 

M.S.  *  — -  -I* +2.05 

•9  11 


Point  (c)  -  Drawing  No.  7389430068  and  7389430066  on  inboard  duct  single  shear  link. 


No.  10  screw  and  0.100  in.  thick  4130  steel  plate  90  ksi. 


Allowable  P  is  based  on  the  strength  of  Section  A-A. 

A  *(0.750 -0.209)  0.10  *  0.0541  in.J 

0.10 

Eccentricity  at  load  *— j-  *  0.05  in. 

Applied  P  *  145  lb,  Ref.  Figure  24. 


Point  (a)  -  Drawing  No.  7389430063  on  both  inboard  and  center  ducts. 

Max.  bending  moment  *  (245  x  60)  +  (126  x  0.55)  *  216.5  in.-lb  (Ref.  Figure  24). 

The  angle  clip,  4130  •  Heat  treated  to  125,000  psi,  has  a  thickness  of  0.10  with  0.60  in.  and  0.55  in. 
eccentricities. 


fb 


6M 

btJ 


6(216.5) 

(1.40-0.19)  (0.1)J 


107,500  psi 


M.S.  =  (125/107.5)-!  =  +0.16 
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Point  (c)  -  Drawing  No.  7389-430067  on  center  duct. 


Material:  4!30Ftu  »  90ksi 

P  -  1 55.4  lb  (Ult.),  Ref.  Figure  25. 

R,  =*  P/2  (2.075  +  3.1751/(3.147x0.707) 

R,  »  I.108P 

R,  »  P  1 1/2  +  1/2-0.707(1.108)]=  0.166P 
«'  =  1.70 

Ma.a  =  R,  8'  3  0. 166(  I55.4HI.70)  *43.8  in.-lb  (Ult.) 


b  =*  0.65-0.19  a  0.46  in. 

o  *  6(43.8)/(0.46  x  0.I02)  =*  57,200  psi 

on 

M.S.  =  -1  a  +0.57 


4.  Engine  Installation 


Alterations  to  the  fuselage  and  additional  structure  must  be  incorporated  in  the 
Schweizer  SGS  2-32  Sailplane  to  provide  support  for  the  Williams  Research  Co.  WR-19  Jet  Engine 
Installation.  To  accomplish  this,  it  is  necessary  to  remove  the  upper  fuselage  cowling  (Fuse  Sta.  129 
to  Sta.  153)  and  to  add  structural  channel  cross  members,  brackets,  shear  decks  and  gussets  to  sup¬ 
port  the  engine.  Mounted  at  three  points,  the  engine  attachment  is  a  determinate  configuration 
allowing  unrestrained  expansion  of  the  engine  and  duct  system. 

Based  on  the  load  factors  specified  in  Table  7  for  the  engine  installation,  two  conditions 
are  critical  at  the  three  engine  support  points.  A  unit  load  solution  for  inertia  loads  applied  at  the 
engine  c.g.  and  the  ultimate  loads  for  the  two  critical  conditions  (designated  conditions  El  and  E2) 
are  summarized  in  Figure  26  and  Table  9. 

The  two  aft  engine  mount  points  are  supported  by  2024-T3  Alclad  channel  section 
brackets  riveted  together  to  form  vertical  plane  truss  members  which  in  turn  are  attached  by  screws 
to  2024-T3  Alclad  channel  section  cross  fuselage  beams.  Assuming  the  truss  members  to  be  pin 
ended,  the  truss  transfers  the  forces  as  axially  loaded  members  to  both  cross  fuselage  channels  to  be 
beamed  to  existing  fuselage  frames.  The  forward  attachment  fitting  is  supported  at  the  midpoint  of 
the  forward  cross  ship  channel.  Load  restraint  is  provided  at  this  point  in  the  vertical  direction  only. 
Resulting  vertical  load  at  this  point  is  beamed  to  both  ends  concurrently  with  loads  introduced  by 
the  two  aft  mount  fittings.  The  riveted  attachment  of  beams  to  frames  is  analyzed  for  a  fully  fixed 
end  condition.  Figures  27,  28  and  29  show  the  fuselage  engine  support  structural  arrangement  in¬ 
cluding  drawing  numbers  of  major  parts.  The  internal  load  distribution,  critical  sections,  stresses 
and  minimum  margins  of  safety  are  summarized  in  Section  (a)  through  (c). 
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Figure  26.  Engine  Mount  Schematic 


Maneuver) 


TABLE  9.  SUMMARY  OF  ENGINE  ATTACHMENT  LOADS 


Load 

AyCF 

AtCl 

^R 

(UnitCond) 

XF 

VF 

ZF 

XL 

VL 

ZL 

XR 

VR 

*r 

X=  1  lb 

-0.0882 

0.5000 

♦0.0441 

-0.5000 

♦0.0441 

y  *  i  ib 

10.1439 

-1.000 

-0.1439 

•0.1439 

♦0.1439 

Z*  1  to 

-0.2121 

-0.3940 

-0.3940 

My  =*  1  in.  lb 

-0.0758 

♦0.0758 

My  °  1  in.  lb 

-0.1116 

♦0.0558 

♦0.0558 

M^*  1  in.  lb 

♦0.0768 

■0.0758 

Cond.  El 

• 

X-  1400  lo 

m 

c 

•123.48 

•700 

♦61.74 

-700 

♦61.74 

Y-  2101b 

.5 

•d 

♦30.22 

•210 

-30.22 

30.22 

♦30.22 

Z 

Total 

-123.48 

-689.78 

•210 

♦31.52 

730.22 

+91.90 

Cond.  E2 

X  -  210  lb 

s 

<* 

•18.S2 

-106.0 

♦9.26 

-105.0 

♦9.26 

Y  -  140  lb 

£ 

♦20.15 

-140 

-20.15 

•20.15 

♦20.15 

Z-  1120  lb 

5 

1 

♦237.66 

♦441.28 

♦441.28 

Total 

M 

H 

♦219.03 

•84.86 

-140 

♦430.39 

•125.15 

♦470.69 

NOTES: 

(a)  Force  and  Moment  Sign*  are  Positive  as  diawn.  (Right  Hand  Rule) 

(b)  Conditions  of  Restraint:  (See  Sketch) 

(c)  Condition  El:  Cradt;  E2  Flight  Maneuvering 

(d)  IG  Wgt  of  Engine  and  Support  Accessories 


Up 


Directions 
of  Mount 
Point  Restraint 
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(a)  Support  Installation  •  Lower  Fuselage  Sta.  1 29. 1 89  *  Drawing  No.  7389-430073. 


•2  Channel 

Condition:  El  (Crash)  is  critical 
Material  2024-T3  aided  QQ-A-250/5  Ref  (5) 


F(U  *  60,000  psi 

c  *  36,000  psi 
cy 


^  Rivet  Attachment 


Zero  Ref. 


0.2125  in.* 
0.9529  in. 
0.1415  in.* 


Sketch  of  the  -2  channel  as  shown  above  does  not  show  the  riveted  end  attachment  of  the  beam 
to  the  existing  glider  structure.  The  beam  end  rivet  pattern  provides  end  fixity  for  which  the  rivet 
pattern  must  be  designed.  Maximum  B.M.  and  fixed  end  moments  are  calculated  here.  (Ref.  9). 


Fixed  end  moment  at  Point  “A”: 


26*  26*  26* 


=■-3593  in.-lb. 


47 


M 


B 


W,a|b,  W2a,b)  M  » 

— —  *  — gi —  (28aJ  *  3a»  > 

1659 


■  -2320 -  758  +  (2  x  26  x  19.6 -3  x  I9.62)  » -3405  in.-lb 


Peak  moments  along  the  channel  will  occur  at  Points  “C”  or  “D.’ 

i.  _  .  ^iaib|  Wb|  -v  .wiaibj 

Mc  *  +  -gT-  *  —  {3a,  +b,)a,  +-— - 


(3a1  +  bJ)a,+~(48a,-3ih-8*) 


Mr 


'  6p2(a»8'a*  >ai 


638(6.4)  19.62  638(1 9.62) 


262  263 
638(1 9.6)6.42  638(6.42 ) 


262 


263 


(3x6.4+  19.6)6.4 

(3  x  19.6  +  6.4)6.4 


+  -~J(4x26x  19.6-3  x  19.62  -26*) 

1659 

6  lei3”  (196x26*  19-62)  6.4- -874  in.-lb 


<-)Md  =  2320  -  3392  +  753  -  620  +~  (48a,  -  3a2  -  B2  ) 
(a2  8  -  a2  )  a2 

=  -934  +  -^  (4  x  26  x  19.6  -  3  x  19.62  -  262) 

262 

-6  (19.6  x  26-  19.62)  19.6  -  -1814  in.-lb. 


(+)MD  =  -1814+  1659  *-155  in.-lb. 
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V 


Rivet 

Z 

z1 

V 

a 

m 

m 

1 

as 

a  25 

-1.133 

1.2837 

1.S337 

1.2384 

5611b 

2 

-0.5 

a2s 

•1.133 

1.2837 

1.5337 

1.2384 

5611b 

3 

-as 

0.25 

•0.233 

00643 

05616 

2501b 

-as 

a2s 

♦1.387 

1.8887 

2.1187 

1.4556 

8601b 

as 

a  25 

♦1.387 

1.8887 

2.1187 

1.4566 

6601b 

as 

025 

-0233 

00643 

03043 

7.9134 

05616 

250  lb 

Moment  Reacted  Through  Bolt  Pattern  =  3693  in.-lb. 

M  r  3593  r 


Pm  (Shear/Riv.  Resulting  From  M)  = 


Kr2)  7.9134 


<  454  r  lb . 


Maximum  Resultant-Measured  Graphically  -  Is  at  No.  1  and  No.  2 
*  670  lb  at  Each. 

Allowable  Single  Shear  -  AD6  Rivets  *  862  lb 


i 


i 


All  Brg.  of  AD6  in  -2(0.050  injAiclad  Channel 


121,000 

100,000 


(955)  *  1 150  lb. 


All  Brg.  of  AD6  in  Existing  0.040  in.  Bulkhead  Web 


119,000 

100,000 


(764)  =«  910  lb. 


Shear  Strength  Correction  Factor  =  0.933  (Ref.  Table  8. 1 .2. 1(b)  of  Ref.  5). 

862(0.933) 

Min.  M.S.  at  No.  1  and  No.  2  * — — — - 1  *  +0.20 

670 


(b)  Shear  Deck  Installation  Engine  Mount  -  Drawing  7389-430084  (-3  Channel)  (Fwd.) 

Determination  of  fixed  end  moment,  B.  moments  and  reactions  on  -3  channel  for  2  conditions 
(Ref.  9): 


W,  »  730  lb  W3  »  6701b 


Condition  E-l 
(Crash) 
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fppwppwywi nil  m W ■  vm ■  m  wn.iiiiwwwyww*— 


730(21.35* ) 
29. 1 3 


P4 

(3  x  7.75  ♦  21.35)  -  -~ 


670(7.75*  > 
29.  |3 


(3x21.35  +  7.75) 


+  657  lb. 


W,a? 

83 


(3b,  +  a, )  ~~~ 


+  ^i 

83 


(3bj  +  a3) 


730(7.75*) 
29. 1 3 


(3  x  21.35  x  7.75)- 


124 

2 


t  670(21.35*) 
+  29. 1 3 


(3  x  7.75  +  21.35)  *  +618  lb. 


wP.b?  .  W,  a  Wjajbj  _  730(7.75)21.35*  124(29.1) 

**  8  2  29.1*  *  g 


+ 


670(2 1 .35)7,75* 
29.1* 


=*  3609  in.-lb 


wia?  »,  WjB  ^  W3a3  b3  730(7.75*)2I.35  124(29.1) 

8*  8  8*  29.1*  '~“i 


+  670(21 .35*  )7.75 

29.1* 


3449  in.-lb 


W|  a  j  bj  Wj  bj 

~  +  e3 


(3a,  +  b, )  a,  -^2.  (4a,  -8) 

O 


^3  a3  b3 
8* 


+ 


W3b3 

e3 


(3a3  +  b3)  a, 


730(7,75)  (21.35*) 
29.1* 


+ 


730(21.35*) 
29. 13 


(3  x  7.75  +  21.35)  7.75 


670 

-(4  x  7.75-29.1) 


670(21.35)7,75* 

29.1* 


670(7,75*) 
+  29.1 3 


(3  x  21.35 


+7.75)7.75  +  =  +  1358  in.  lb 


S2i£t  w.bf 


e* 


e,  <3a, +b,)aj -W,  (ba -a,) 


Mr 


A/i.,.p|  W3^b|  W^bj 

8  1  *  #a  +  ~£j — (3aj  +  bj)  a 

730(7,75)21.35*  730(21.35*) 

29.1*  +  “29. 1 3  <3  x  7.75  +  21.35)  14.55 

*  14.55- 7.75) -H?  (4  x  7.75  -  29  |)-^Zgl£L££H£! 

8  29.1* 

.670075*) 

29  j  a  (3x21.35  +  7.75)  14.55  *  +1416  in.-lb. 

W.a.b?  W.bJ 

K*  +  g3  (3at  +  b, )  aj  -  W,  (a3  -  af ) 

. -5l!i  rio .  a~  \  ^38363  .  W,bJ 

8  m  4aj)  '  +  -~T-<3a,  +b,)a, 

730(7.75)2 1.35*  730(21:35*) 

29.1*  +  “29.1 3 - (3  x  7.75  +  21.35)  21.35 

-  730(21 .35  -  7.75) -  HI  (3  x  29. 1  -4  x  21  35)  -  67Q(2 1.35)7.75* 
8  29.1* 

^  670(7.75* ) 

29  ,3  f3  x  21.35  +-  7.75)  21.35  *  +  1356  in.-lb. 


-I 


R. 


W,  ■  125  lb  Wt  *  219  lb  W,  >  85  lb 

-ill 


£ 


fl>  *  775inL - „  b,  -  21.35 in^. 

a 


h 


■  ®*  ’  1455  in - 4* -  b,  -  14.55  in _ ^ 

- -  a3  -  21.35  in. - a]  b3  -  7.75in. 


“  2*  29.1  in. 


Condition:  E2 
(Flight  Maneuverin 
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t.  - 

'  ♦  “2251*  (3 *  21.35  ♦  7.75) 


103+  110+  15  =  +228  lb. 


„  W,a?  W,  W3a3 

R,  =  — L(3b,  +al>+-;l  +  -^i(3b,  +  a3> 


I2S(7.752) 
29. 1 3 


(3  x  21.35  +  7.75) 


85(21. 352) 
29.1 3 


(3  x  7.75  +  21.35) 


*  20+  110  +  70  *  +200 lb. 

W,a,b|  W32  W,a3bj  1 25(7.75)2 1 .352  219(29.1) 

=  -  +  -  ■ '  ■  »  +  — — ■  »  — 1  .  +  ■  ■  '  ■ 

82  3  22  29. 11  8 


85(21.3S)7.752 
+  29. 11 


521+797  +129  =  1447  in.-lb. 


W,a?b,  f  W32  t  W3a!  b3  1 2S(7,75a )2 1 .35  219(29.1) 

22  8  82  29. 1 2  +  8 


85(21 .352)7.75 
29. 1 2 


189+  797  +  355  =  1341  in.-lb. 


-W,a,bi  W,b|  W, 

'-jr-  Oa, +b,)a,  +-^-(43,-2) 

W3a3b3  W3b3  1 25(7.75)21 .352 

+  — — —  (3a3  +  b3)  a,  =  -  • 


2*  23 
1 25(21.352) 


29.1  - 


219 


(3  x  7.75  +  2 1 .35)7.75  +  -—(4  x  7.75  -  29. 1 ) 

A7.  I  O 


85(2I.35)7.752  85(7.752), . . 

+  — - — : —  (3  x  21.35  +  7.75)  7.75 


29. 1 2 


29. 1 3 


=  -521  +  799+  52+129+115  =  +316  in.-lb. 
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54 


/ 

/ 


y 


*  0.833 


M(  *  3609  in.-ib  (Moment  Reacted  through  Rivet  Pattern) 
657 

Direct  Shear/Rivet  *  — —  *  1 10  lb. 

6 


Rivet 

No. 

Z 

Z* 

y 

yi 

v? 

r* 

-Z2**! 

r 

m 

1 

+0.6 

0.36 

0 

-0.833 

0.6939 

1.0539 

1.0286 

6871b 

2 

-0.6 

0.36 

0 

•0.833 

0.6939 

1.0639 

1.0266 

6671b 

3 

-0.6 

0.36 

0.85 

+0.017 

0.00029 

0.3603 

0.6002 

3901b 

4 

-0.6 

0.36 

1.65 

+0.817 

0.6675 

1.0275 

1.0137 

6691b 

5 

+0.6 

0.36 

1.66 

+0017 

0.6675 

10275 

10137 

6591b 

6 

+0.6 

0.36 

0.85 

+0.017 

0.6675 

1.0275 

1.0137 

3901b 

I  y  -  5.00 

5.5506 

Pm  (Shear  Resulting  from  M, ) 


3609  r 
5.5506 


Maximum  Resultant  -  Measured  Graphically  -  is  at  No.  1  or  No.  2  *  770  lb. 


Allowable  Single  Shear/AD6  Rivet 3  862  lb. 

Allowable  Brg.  of  AD6  in  0.050  in.  Ga  of  -3  Channel  or  -9  Gusset 


_  131,000 

955  *700^5 


1 155  lb. 


Shear  Correction  Factor  3  0.970  (Ref.  Table  8. 1 .2. 1(b)  of  Ref.  (5) ). 


MS. 


862(0.970) 

770 


*  +0.08. 


56 


Analysis  of  -9  Gusset 


SECTION  A-A 


I  0.050(4.8)J 

7“ — 


0.192  in.1 


BM  *  660(2)1.25  +(387  + 390)1.2  =  2S75  in.-jb. 


-  2575 
h  "  0.192 


=  it 3,400  psi. 


0.060  in. 


Intcr-rivct  buckling  stress  between  rivets  at  No.  3  and  No.  4: 
( Ref.  (10)-  page  ('7.14.  Figure  C7. 1 9) 


_P  ( Rivet  Spacing)  0.8 
t  (Sheet  t)  0.050 


Fjf  (Inter-Rivet  Buckling  Stress)  *  35,800  psi 


M.S. 


35,800 

13,400 


+1.67 


(c)  Support  Installation-Engine  -  Drawing  7389-430079 

Analysis:  Bracket  7389-430079-9  Attachment  to  Channel  No.  7389-430084-3. 


QQ  A-250/5  Fw  *  60000  p»i 
Fh,  -  121000  m 


Maximum  resultant  load  on  above  screws  (solved  graphically)  *  101 S  lb 

Allowable  Brg.  on  7389-430079-9  Bracket  -  1 27.000(0. 1 90)0.063  -  15171b 

Allowable  S.  Shear  on  No.  10  Screws  *  2 1 26  lb 

Allowable  Brg.  of  No.  1 0  on  7389430079- 1 1  Clip  >  1 08,000  (0. 1 90)  0.094  *  1 930  lb 
Allowable  Brg.  of  No.  lOon  7389430084-3  Channel  -  121.000(0.190)0.050-  11471b 

Min.  M.S.  -  - 1  -  +049 

Condition:  E-l  (Cra  b) 

Assui'ie  that  all  Mom  resulting  from  transfer 
of2!filb  o  the  4  No.  10  Screws: 

M»  21 00.945)-  1675  in.-lb. 

Another  vertical  component  -  670  -  32 
•  638  lb  Tension.  This  equals  1 58  lb/ 
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V 

yT 

s 

*1 

*12 

a  2 

V 

c 

1 

-0.6715 

0.4509 

1.00 

0.50 

025 

0.7009 

02372 

2 

-0.188 

-0.8595 

0.7387 

0 

•0.50 

0.26 

0.9687 

0.9943 

3 

1.437 

0.7635 

0.5829 

0 

•0.50 

025 

02329 

0.9126 

4 

1.437 

0.7635 

0.5829 

1.00 

0.50 

025 

02329 

0.9126 

2.688 

250 

2-3.3654 

y»  0.6715  .'.  7-02 


0 ir act  Sh«ar/Rivtt  - S3  lb  :  Mom  Shear  «  —  — 

4  2  (,21 

Moment 
Shear 


420  lb 
496  lb 
455  1b 
455  lb 


No. 

1 

2 

3 

4 


Maximum  resultant  shear  is  at  No.  4  and  *  620  lb  (solved  graphically >. 
Allowable  S.  Shear  on  No.  10  screws  =  2126  lb. 

Allowable  Brg.  of  No.  10  on  0.050  in.  ga  7389-430073-2  Channel 


=  955 


Min.  M.S.  = 


1150 

620 


1 


1150. 

+  0.85. 


5.  Fuselage  Modification 

The  Wishbone  Structure  required  a  replacement  redesign  because  of  interference  with 
the  WR-19  engine  and  exhaust  duct  installation.  This  structure  is  designed  to  carry  the  unbalance 
load  from  the  wing  for  a  critical  wing  roll  condition.  The  design  load  for  this  structure  is  shown  in 
Table  7. 


Due  to  the  upper  cowl  removal  described  in  Section  II,  paragraph  D.4,  a  redistribution 
of  shear  flow  must  be  determined  for  the  aft  side  of  bulkhead  at  Fuselage  Station  153.  The  re¬ 
sulting  shear  flow  values  are  not  critical  by  comparison  with  values  shown  in  Reference  6;  con¬ 
sequently  no  analysis  is  made  in  this  section.  Modification  to  the  upper  portion  of  bulkheads  at 
Stations  153  and  154.37  are  required  because  of  the  upper  cowl  removal. 

The  lower  engine  enclosure  between  Fuselage  Stations  153  forward  to  Station  129.189 
in  conjunction  with  the  shear  deck  installation  shown  on  BAC  Dwg.  No.  7389-430086  forms  a 


60 


closed  section  with  the  existing  fuselage  0.02S  inch  thick  skin.  A  bending  and  shear  analysis  is  made 
in  this  region  to  determine  fuselage  skin  and  engine  enclosure  shear  flows. 

The  Wishbone  replacement  structure  consists  of  two  tiiangular  trust  type  structural 
members  which  are  symmetrical  about  the  fuselage  center  line  (extending  between  Fuselage  Station 
1 26. 195  and  a  cross  ship  structural  beam  which  is  centered  at  Fuselage  Station  108.653).  The  chord 
members  of  both  trusses  are  made  up  of  2024-T4  angle  extrusions.  Kxisting  longeron  members 
form  one  boundary  of  these  structures.  Attached  to  the  angle  extrusions  is  an  0.040  inch  2024-T4 
Alclad  web  riveted  on  all  sides.  The  cross  ship  beam  centered  at  Station  108.653  consists  of  two 
I  in.  x  1*4  in.  x  0.125  in.  2024-T4  extruded  angles.  The  0.040  inch  truss  web  extends  forward  and 
is  trimmed  to  such  a  configuration  as  to  form  a  web  for  the  cross  ship  built  up  beam  member.  The 
web  is  riveted  to  these  angles.  Forces  applied  by  the  truss  members  to  Hie  built  up  cross  beam  arc 
beamed  laterally  and  reacted  by  existing  sail  plane  structure. 

a.  Truss  Installation  -  Wishbone  Structure  Replacement  Jet  Noise  Reduction 
Drawing  7389-430077 


iMUwa 
I  »«««*  h 

)|l  I  fMt< 


AppfauMwm 
|  (D) 

hi 

•*2 

L 

7 

5.5 

in. 

12  in. 

0.55  in. 

4.13  in. 

18451  in. 

7.7302 

in.4 

9 

in. 

1.28  in. 

089  in. 

485  in. 

2.0713  in. 

2.7098 

in.4 

13 

in. 

128  in. 

127  in. 

589  in. 

22981  in. 

4.10035 

in.4 

1» 

in. 

1.42  in. 

1.48 

6.37  in. 

2.4061  in. 

4.96102 

in.4 

Section  at  D  *  1 5  in. 


B.M.  -  15(1427)  » 21,400  in.-ib 

l^A  *  4.951  in.4 

y  (to  compression  edge)  3  3.9639  in. 

„  .  .  .  -21,400(3.9639) 

fb  (maximum  compression) 3  ■  ■-  . . — 


-17,100  psi. 


b 

T 


1.0-0.047 

0.094 


10.10 


Ref.  Figure  80.04.2-5  of  Ref.  (8),  Page  80.04.2-4. 

Material  of  7389-430077-5  Angle  is  2024-T4 
Spec:  AND  10133-1002  and  QQ-A-200/3  (extrusion). 

3  34,000  psi  (flange  allowable) 


MS. 


34,000 

17,100 


I  *  +  0.99 


Section  at  D  3  9  in. 


B.M.  *  9(  1427) 3  1 2,830  in.-lb. 

INA  *  2.7098  in.4 

y  (to  compression  edge) 3  4.95  -  2.0713  3  2.8787  in. 


fb  (maximum  compression) 


-1 2,830(2.8787) 
2.7098 


=  -13,580  psi. 


Flange  dimensions  are  same  as  above 


MS. 


34,000 

13.530 


*+  1.51 


FCy  will  be  used  as  allowable  stress. 


i 

\ 

) 


i 


l 


1 

l 
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Shear  of  2 1 43  lb  is  reacted  in  rivets  along  1 3  in. 


2143 

-\q  ■  — — ■  ■  143  Ib/in. 


S.  Shcar/Rivct  »  388  x  0.996  =  386  lb. 


All  big.  of  —  in.  Rivet  on  2024-T4  Alclad 


119,000 

100,000 


(636)  =■  758  lb 


386 

M.S.  -  ----  -  I  -+1-70. 
143 


Calculating  the  Structure  as  a  Truss: 


Section  Across  A-A 

Area  *  <  I  +  0.906)0.094  +  0.040(  t )  *  0.2 1*>  in.* 
P  6000 


— f —  , 

0.9S3  .||  | 

Wt. 


A  0.219 


=  27.400  |>si. 


oCT  (Ref.  (8),  Figure  90.02.3.1-5) 

0.094 


Kj»*nH  / t,  \2 


•0.040 


12(1  -u1) 

0.435  t1  x  10.3  x  10*  /  0.094  \J 


(ft) 


12(0.91) 


Check  of  Rivet  Spacing  -  Web  to  Above  Angle: 

ir’K, 


I  0.094  \ 1 

\  0953  )  3  31,303  PS'  >  F<*  ” 34,000  '*'• 


Fir  (Inter-Rivet  Buckling  Stress) 1  , 

,r  <p/0.58t>* 

( for  clamped  ends  -  Ref.  ( 1 0) 

Ki|u.  C7.22  Page  C7. 1 2  -  See  Fig.  C7. 1 9. 

Page  C7. 14  for  Fjr  plotted). 

Fjr  ( Ref  Figure  C7. 1 9  -  Page  C7. 14  of  Ref.  ( 10)  at  t  =  0.040  and  SP.  at  I  in.  *31,000  psi. 
31,000 


M.S. 


27,400 


-  I  3  +  0. 1 3 . 


P,  =  P„  = 

L  K  29.50 


5800(19.5)  2854(3.5) 


29.50 

=  3840-339=  3501  lb. 


=  — ~  =  5hear/AN4  Bolt  (each  end) 

=  i£2i  =  17501b. 


All  S.  Shear/ A N4  Bolt  =  3681  lb. 

All  Brg.  of  1/4  inch  bolt  in  0.125  in.  t  angles 
=  I  19,000(1/4)0.125  =  3720  lb. 

MS  =775b-'  ~1-,° 
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Maximum  B.M.  in  beam  consis(ing  of  2  angles  and  0.040  in  web  *  3501(5.25)  ■  18,400  in.4b. 


1427 

Pq  (Direct  Load/Rivet)  *  '■■■»  *  1301b 

.  ..  .  M  at  rr.(r*)  5490(1.895) 

PmatnvelNo.6 - 


=  7961b 


M  at  CG  -  3.85  (1427)  =  5490  in.  lb 

Maximum  rivet  load  is  at  No.  6  (solved  graphically)  =  927  lb 


Allowable  Single  Shear  of  DD-6  *  1 1 80  lb 
Allowable  Brg.  of  3/16  in.  rivets  in  (.040  in  +  .063  in.) 

2024  -T4  Alclad  Sheets 
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SECTION  AT  C-C 


The  bolt  tensile  load  at  No.  I  and  No.  6  will  fan  out  at  90®  from  the  holt  to  Section  C-C.  The 
tlange  length  at  C-C  assumed  to  carry  each  tensile  bolt  load  =  1 .0  in  (See  sketch  below). 

Due  to  restraint  resulting  from  clamping  action  of  bolt  head  and  nut,  the  bolt  tension  shall  be  applied 
at  a  point  designated  as  pt.  “a”  (see  sketch). 


'»■  56000  ^ 

Brg.  stress  of  bolt  on  fitting  due  to  1 230  lb  load 
1230 

'  0.25  (0.2)  ‘  M-600pSi 

P 

Apply  the  1 230  lb  as  —  at  Section  C-C  to  combine  with  the  bending  stress 
A 

+  ft  =  ±  56,000  +  12~*°  =  ±  56,000  +  6150  =  +  62,150  psi 

I .  (0.2) 

70,000 

M.S.  =  ■  -I  =  +0.12. 


62,150 


Brg.  stress  at  bolt  No.  7  = 


2853 


_P  09.0001 
'  L  40,700  J 


0.375  (0.187) 
1  =+1.68 


=  40,700  psi 


b.  Fuselage  Shear  Aft  of  Fuselage  Sta.  1 53.0 


BULKHEAD  GEOMETRY  -  AFT  SIDE  OF  BULKHEAD  FUSE  STA.  1 53 


REFERENCE:  Drawing  32042  G 


All  longerons  2024.T4  AL.AL.  Intrusions 

All  Skin  0.020  in.  t  2024-T  3  Alelad 

c.s.  represents  effective  skin  •  subscripts  represent  location. 


e 


SHEAR  CENTER  LOCATION  ■  AFT  SIDE  OF  FUSE  STA.  153 
E,I,X,  +E,I,X,  +E3I,X,  ...  EnlnX„ 

E,I, +E,lj +Ejl,  •••  Enln 


To  closely  approximate  the  I  and  X  of  the  skin  portion  of  the  structure,  an  equivalent  circle  of  skin 
with  the  same  periphery  as  the  bulkhead  contour  and  with  its  center  at  a  point  1 12  of  the  bulkhead 
height. 


Peripheral  length  around  bulkhead  (measured)  3  S 1 .2  in.  (*C) 

C  51.2 

Diameter  of  equivalent  circle  3 - 3  - -  1 6.3  in. 

it  * 

I  of  equivalent  circle  3  irR3t  3  #(8. 1 53)  0.020  3  34.0136  in4. 
26.08  +  8 

X  of  equivalent  circle  3  - - -  3  1 7.04  in. 

E  of  Alelad  Skin  3  1 0.5  x  1 06  x  \ 

E  of  Alum.  Extrusions  3  10.8  x  TO4 


10.5(34.0136)  17,04  +  10.8(0.0368)0.2839+  10.8(0.0Q9)(8-0.2)  +  I0.8(0.0322»<  16.76+8-0.276) 
10.5(34.0136)  +  10.8(0.0368)  +  10.8(0.009)  +  10.8(0.0322) 


6095.099 

357.985 


17.026  in.  above  W.L.  -  8.0  in. 


e  3  1 7.026  in  -8.0  3  9.026  in.  above  W.L.  0.0  in. 

SHEAR  FLOW  -  AFT  SIDE  OF  BULKHEAD  FUSE  STA.  1 53 


i 
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SECTION  PROPERTIES  AT  STA.  1 53  *  NEOLKCT1NG  SKIN 


Ana 

y 

AY 

AY* 

W 

LU 

0.21 

14.204 

2883 

42.368 

08161 

RU 

0221 

•14.204 

•2883 

42.368 

0.0161 

LL 

0.09 

1180 

1862 

12832 

0.0046 

RL 

009 

11.80 

•1.062 

12832 

08046 

_ 

0.60 

_ 

7-o 

0 

10980 

0.0412 

lNA  -  109.8  +  08412  -  1098412  in.4 


B.M.  at  fuselage  Sta.  1 53  resulting  from  554  lb 
Side  load  on  vertical  tail  applied  at  fuse. 

Station  280  in.  *  (280  -  1 53)  554  *  1 27  (554) =  70358  in.  lb. 

Upper  longeron  loads  »  i  <>r  RU^ 

70358(14.201)0.21 


Lower  longeron  loads  *  ± 


109.8 

My(ALL  or  RL) 


±  1911.35  lb 


1 


70358(11.8)0.09 

■*  - - -  *  ±  680.51  lb 


Using  AL=  10  in.  AP^  =  ± 


AP, 


109.8 

5540 

70358 

5540 

70358 


(I9||.35)>±  150.5  lb 

(680.51)  3  ±  53.61b 


Unbalanced  shear  flow  in  Sta.  1 53  aft  side  developed 
from  AP  loads  stated  above,  (view  looking  forward) 

Torque  represented  by  shear  flow  adjacent 
(unbalanced  mom): 

T- 2(15)  A,  (2) +  2  (20.36)  A, 

=  60 (1 22.08) +  40.72  (237.6) 

=  7320  +  9650=  1 6970  in.  lb. 


Torque  at  E.A.  from  550  lb  side  tail  load  at  W.L.  *  45.361  in 
=  554(45.361  -  9.026)  *  20130  in.  lb. 


20.38 1 bCm. 


Shear  flow  resulting  from  T  *  201 30  in.  lb. 
_T  20130 
2A 


<h 


=  1 2.52  Ib/in. 


2  (803.76) 

q  j  resulting  from  unbalance  moment  ol'  1 6070  in.  lb: 
16070 


‘b 


10.57  Ib/in. 


2  (803.76) 

NOTE:  These  Values  of  q2  and  q3  Act  Clockwise  Looking  Forward 


RESULTANT  SHEAR  FLOWS  -  AFT  SIDE  OF  STA.  1 53 
qLUtoRu  ■  12.52  +  10.57  *  23.09  Ib/in. 


qRU  to  rl  *  12.52+10.57-15 
qRL to  LL  *  12.52+10.57-20.36 
qLL‘°LU  a  1252  +  10-57  - 1 5 


8.09  Ib/in. 
2.73  lb/in. 
8.09  lb/in. 


q  •  23.09  Ib/in. 


c.  Station  129.189  Frame  Analysis 

Frame  loads  due  to  redistribution  of  shear  flows  applied  from  the  aft  side  (Sta. 
129. 189  to  153)  and  the  fwd  side  (Sta.  1 13  to  129.189)  arc  not  critical  by  inspection.  These  shear 
Hows  relieve  one  another. 

Shear  from  the  Wishbone  Structure,  for  the  wing  tip  landing  condition  makes  the 
upper  portion  of  the  frame  critical. 

The  lower  frame  sections  are  critical  for  landing  wheel  load  distribution  (Ref¬ 
erence  “). 
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1427  lb  (Wtahbona  Load)  Rat.  Table  7;  Item  C 


M  at  A-A  *  4.7(  1427)  -  6707  in.  lb 


SECTION  ACROSS  A-A 


1  in.  - 

•"*!  r-  0.091 

t 

4.7b 

x — 

Kf, 

- X 

♦  0.040 

L.  r  0  063 

Uo, 

-1  at  xx 

y 


=  Ui2i=  0.576 
3.148 


f 


b 


=.  jm.  = 

0.576 


-1 1630  psi 


hw  a  4-7l  =  46  _tw_  0.040  -  ]  .  K  =  0.755 
h,  0.98  ft-  0.040 

(Ref.  Fig.  1 70.04.  M  Page  170.04.1-3  of  Ref.  8) 


Kf  n  E  /  tf  y 
nn-fx1 1 1 bf  / 


-  0.755  x  10.2  x  IQ"  [  0.04Q  V  L  ,,^7 
12(1-0.3*)  V  0.98  ) 


=  .  LH87- . ,  _  +  0  00 
1 1630 


M.S. 


d.  Bending  and  Shear  Analysis  •  Fuselage  Sta.  129.189  to  153.0 
The  analysis  is  based  on  an  average  cross  section  as  follows: 

CONTOUR  OF  BULKHEAD  AT  FUSELAGE  STATION  129.189 


8L  11.25  in.* 


15.716  - 

BL-  16.00  in. 1 

0w>d(D  I 


BL-  16.00  in.- 


1-0.01697- 
A  =  0.17871 
V  -  0.28454 


Shear  Deck 
Installation 

Sta.  129-189-Sta.  153.00 
Jet  No«se  Reduction 
DWG.  7389430066  — \ 


BL  9.750 


BL  9.750- 


—Engine  Enclosure  • 
Lower  in  Jet  Noise 
i  Reduction  7389430083 


*BL  1125  in 


BL-  16.00  in. 


.  W.L.  16.22  in. 

>  1  in.  x  1  in.  x  3432  in.  L 
(32001  H-39  and  40) 


Scale:  1  in.  -  10  in. 


(|)and(ll) 

I  -0.00485 - 

A-  0.08985 
y  -  0  .2106 


•13.5894- 


I  'm.  x  1  in.  x  1/8  in.  L 


I  -  0.0396S  - 

®  A- 0.60631 
y  -  0.7502 


,  W.L  7.750 

—0.025  in  Skin  (Existing) 

3x|*iL 

^  4  I  IB 


-WL  0.000  in. 
-WL2.170 


•WL  3.59  in. 


•WL  10.170  in. 


•  1  in.  x  1  in.  x  3/32  in.  L 


■  BL  9.750 


BL  16.00  in. 


<|,  Symmetry 


063  in  x  0.63  in.  x  0.040  in.  L  ' 
7389430083-37 


■  7389430088-5  Web  (0.040  in.) 
J  —  W.L.  16.22 


1.0.75x0.75x0  040L 
7389430086-3 


Scale:  1  in.  -  5  in. 


|  0.040  in.  — 

•  0.63  in  x  0.63  in  x  0.040  in.  L-i 


1  in.x  1  in.  3  'n‘  L 

c  •  32 

Existing 
•  Longeron 

•Existing  Skin 


1  —  WL  7.75  in. 


•0040  in. 


<{.  Symmetry 
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Shear  Center  Location  at  Fuse  Station  1 29. 1 89 


E,  I,  X,  +  E,  l2  X2  +  E3  I3  X,  EnlnXt? 

E,  l|  +  Ej  lj  +  Ej  Ij  En  in 

E,  -  E2  *  E,  etc. 

,  0  0»  697(2X  1 6.22  -  0.2845)  +  0.00485(2)(-2. 1 7  -  0.2106)  +  0.0396<-10.l  7  -  0.7502) 

0.03394  +  0.00969  +  0.03959 

,  0.S408S-  0.00414  -0.43232  -  ,  254 
0.03394  +  0.00969  +  0.03959 


Fuselage  Station  1 29. 1 89  Bending  Moment  of  Inertia  at  Z-Z 


ItM 

Am 

V 

Ay 

Ay* 

1 

RU 

0.17871 

+15.716 

+24086 

44.1400 

0.01697 

RL 

0.08985 

+13589 

+1.2210 

16.5918 

0.00484 

(a 

LU 

0.17871 

•15.716 

•24086 

44.1400 

0.01697 

1  LL 

0.08985 

•13.589 

•1.2210 

16.5918 

0.00484 

© 

C 

0.60831 

0 

0 

0 

0.03969 

1.1464 

"y  «0 

121.4636 

0.08321 

*NA  -  121.5468  in.4 


B.M.  at  Fuselage  Station  1 29. 1 89  resulting  from  554  lb  Side  Load  on  Vertical  Tail  applied  at 
Fuselage  Station  280  in. 

B.M.  *  554(280- 129.189)  =  83,549  in.  lb 

Longeron  Loads  =  ±  ^longeron* 

I 

Upper  Longeron  Loads  =  t  ^3549^1 5.71 6)  0. 1787 1 


=  ± 

Lower  Longeron  Loads  =  t 


1923  lb 

83549(13.5894)0.08985 

121.547 


=  t  83 1  lb 
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The  Enclosed  Area  of  the  Previous  Section: 


A  *  H1S1L+  10.39(32)*  19.50(8.47)  -569.44  m.1 


CONTO'J  R  OP  BULKHEAD  AT  FUSELAGE  STATION  1 29. 1 89  IN. 


Symmetry 

I 


Torque  Represented  by  Area  Increments  AA, ,  AA2  and  AA3 

T  =  2q,  (AA,  )  +  2q2  (AA: )  +  2q.,  (A A., ) 

=  2(1 2.75)  (146.734)+  2(12.75)  146.734+  2(18.26)  204.68 
=  3742  +  3742  +  7475  *  14959  in.  lb  (This  is  an  unbalanced  Moment) 
Torque  imposed  by  554  lb  Side  Load  on  Vertical  Tail: 

T  =  554(45.361-1.254)  =  24435  in.  lb 


q  Developed  by  Unbalanced  Moment  and  the  (External  Moment  Resulting  from  Side  Load  on 
Vertical  Tail: 

q  = — 14232  .  +  ,2442$  =  |3.|3  +  21.40 

1  2(560.44)  2(560.44) 


34.50  Ib/in. 

SUMMARY  OF  SHLARS  AROUND  SLCTION: 


4  Lu 

To 

Ru 

=  34.59 

*  34.59  Ib/in. 

‘iRu 

To 

RL 

*  34.59-  12.75 

*  21.84  Ib/in. 

9RL 

To 

LL 

*  34.59-  18.26 

»  16.33  Ib/in. 

9LL 

To 

Lu 

»  34.59-  12.75 

-  21.84  Ib/in. 

16.33  Ib/ln. 


Bulkhead  Sta.  1 53.  an  1 54.37  Jet  Noise  Reduction  DRG.  in.  738*430075 


28.5 


Ha  23,09(29.15)  ,336.541b 

V  »  - 1— 

26.50 

T  “  2Aq  =  2(.  22)  23.09 
a  10252  in  lb 


V  -.10252 
26.50 


387  it 


At  Section  A-A 


189.95  lb 


Shear  at  A-A  -  387  -  23.09  (9.4)  -  169.95  lb 


A 


32042G-1 1 

Material:  2024-T4  Alclad 


387  lb 


xx  x  (439.26)  0.!  77  *  77.9  in.  lb 


BM 


BMyy  *  (336.45)0.177-  59.5  in.  lb 
P  *  286.2 


-kP.  -  77,9  +  59,5  t  286.2 

A  0.00142  0.0485  0.135 


-  58206  psi 


Restraint  Effects  of  Screw  Head  on  Bending  have  been  Neglected 

MS  -JzlQQQ-  |  *  +  0.08 
58206 


Check  of  AD  4  Rivets 

Combining  Shear  and  Tension  in  AD  4  Rivets: 

Allowable  Single  Shear  in  AD  4  -  388  !b 

Allowable  Tensile  Load  in  AD  4  -  2^2.  -  194  lb 

Shear  Load  in  No.  4  -  1 74  lb 

Tensile  Load  in  No.  4  -  1941b 

Rt  -  .!££-  0.82  Rs  -  jig-  >  0.449  -  Refering  to  Fig.  1. 5.3.5  of  Ref  (5)  Page  1-23 
and  using  Curve  R,*  +R*1  -  I  then  Rja  -  0.87 

M  S.  =  M£  -i  a  +  0.06 
0.82 

Allowable  Bearing  of  1/8  in.  Rivets  on  0.025  2024 -T4 
Alclad  =321  (1.19)  =382 

Max  Rivet  Shear  =  210.15  in. 

MS  =  382  -I  +0.81 
210.15 


6.  Engine  Inlet  and  Enclosure 

The  rectangular  Inlet  duct  opening  is  foraed  of  0.040  Inch  6061-T4 
alualnua  alloy  material  and  contains  aft  from  Fuselage  Station  121.720  to 
Fuselage  Station  124.840.  At  approximate  Fuselage  Station  137.770,  the  duct 
goes  Into  a  curved  configuration  and  mates  with  the  upper  surface  of  the  upper 
0.040  inch  thick  6061-T4  engine  container  segment.  The  lower  edge  of  the  engine 
inlet  and  upper  enclosure  Is  flanged  and  bolts  to  the  flange  of  the  lower  0.040 
Inch  thick  6061-T4  container  and  a  shear  deck  installation  between  Station  129.189 
and  Station  153.  The  flanges  of  the  upper  and  lower  containers  bolt  together 
between  Stations  129.189  and  112.5. 
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The  engine  inlet  flat  0.040  inch  6061-T4  sides  and  0.040  inch  606I-T4  upper  flat  panels 
are  broken  into  smaller  panels  by  formed  0.040  inch  thick  606I-T4  hat  section  stiffeners  spot  welded 
through  both  flanges  to  the  panels.  The  stiffeners  are  analyzed  as  beam  columns  because  the  internal 
negative  duct  pressure  produces  compressive  end  loads  on  the  stiffeners.  Side  load  is  provided  by  the 
normal  panel  loading  as  described  on  page  85  .  Ail  comers  of  the  inlet  duct  are  reinforced  with 
0.071  inch  thick  6061-T4  formed  angles  spot  welded  to  the  duct  skin. 

All  bottom,  side  and  end  plates  of  the  lower  container  are  assembled  by  spot  welding  to 
0.040  inch  thick  606I-T4  formed  comer  angles.  The  engine  inlet  and  enclosure  is  assembled  with  an 
inner  shell  of  0.032  inch  nonstructural  acoustic  metal  weave  material  separated  from  the  inlet  and 
enclosure  by  rivet  and  sleeve  spacer  standoffs  for  purposes  of  acoustical  damping. 

The  design  is  based  on  the  pressure  loadings  presented  in  Table  7. 


a.  Engine  Inlet  Loads 

The  engine  inlet  pressure  is  -0.70  psi  at  the  engine  face,  tapering  linearity  along  the 
inlet  passage  to  zero  at  the  forward  edge  where  the  air  enters.  A  limit  to  ultimate  factor  of  1 .50 
will  be  used.  The  effects  of  pressure  are  to  be  combined  with  inertia  loadings  for  flight  and  landing 
maneuvers  and  crash  conditions. 


p  yield 
pult 
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ENGINE  ENCLOSURE  UPPER  AND  INLET  DUCT 
JET  NOISE:  REDUCTION  •  DWG  7389430085 
CONTINUED 


DUCT  -  TYPICAL  CROSS  SECTION 


*  7415 


J 

-  -  t  «  19.5  in.  - m 

8?  »  1000 

B  pu!t*  1.05  psi 

V 

-  10  in. 

_L 

Swmwtj 

Pressure  *  -1.05  ps* 

0  C 


For  this  ease,  all  moments  at  A.  B.  C  and  D  are  equal  with: 

M  *  P(«J  +  «.J>  =,  I  OS  (7415  ♦  1000)  ,  ,,  in  ,b 
12(8+8,)  I2(2‘L5) 

t  Reference  -til)  Page  329) 


CHECK  OF  HAT  SECTION  STIFFENER  BETWEEN  A  AND  B 


Stiffener  Spacing  3  6  in. 
p=  1.05  psi  (Ultimate) 

w  (Running  Load/Inch  of  Span)  =  1 .05f (>>  =*  6.3  Ib/inclt 


Loads  &  Moments 
in  Stiffener  Sections 
Around  Duct 


R  at  End  of  Short  Side 
3 1.5  lb 


R  at  End  of  Long  Side 

l  « 


61.51b 


61.5  lb 


815 
31.5  lb 


31.51b  ♦  25  in-  ,b 


J  /-  M  »  25  i 

_ 4T  /-31.51b 

61 


M  »  25  in.  lb 
lb 

.5  lb 


25  *n.  lb  »  M 

M  -  25  in.  INR  P- 1.05  psi 


- » ...  0,  3,0 

A.  g-r  3*w»31.5  lb-r- 

\  H  25  in.  lb  T 

. .  . ___  ,‘.w  *  6.3  lb/in.-4  pj  *M  10  ir 

31.5lbJilS  M"25in-,bvB  i-»^31  5lbi- 

« * h  m 6i5.„ 

J  25  ll>  in  M  25  in.  Ib-^,  31  5 


31  5  Hi- 


61.5  lb 


h 


6t.5  lb 


195  in. 
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ENGINE  ENCLOSURE  UPPER  AND  INLET  DUCT  -  JET  NOISE 
REDUCTION  -  DWG.  7389-430085  -  CONTINUED 


CHECK  OF  HAT  SECTION  STIFFENER  ABAS  A  BEAM  COLUMN 


h-  ?  -  19.5  In.- 


r-3i.5m.tto  — dr-"—  -  ■  ZZ  ' .  ;  ,  "H — 


W-6.3  Ib/ln. 


31.5  lb 

In./ R> 


9.9  x  10*  x  0.00828 
3I.S 


-  2602.20  -  51.01 


when*  E  For  606I-T4  *  9.9  x  10* 

I  *  0.00828  in.4  (Ref.  Page  87) 


D,  *  M,  -wj1 


x 

cos -  *  cos 

J 


»  25-6.3(2602.2)  -  -16369 
19.5 

-cos  0.1 911  «  0.9818  (Ref.  (2)  Page  A5.24) 


M 


max 


+  <*>j3 


-16369 

0.98)8 


+  6.3  (  2602.2) 


-279  in.  lb 


(At  Mid  Point) 
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ENGINE  ENCLOSURE  UPPER  AND  INLET  DUCT  -  JET 
NOISE  REDUCTION  -  DWG.  7389-430085~CONT1NUED 


STIFFENER  SECTION  PROPERTIES 


Haw 

Ana 

f 

Ay 

Ay* 

U 

1 

0.667  (0.040)  - 

0.0263 

0.3285 

0.0086 

0602836 

0600946 

2 

0.667  (0.040)  - 

00263 

0.3285 

0.0086 

0602836 

0600946 

3 

0.336  (0072)  - 

0.0241 

0.036 

0.00087 

0600031 

4 

0.336  (0.072)  - 

0.0241 

0.036 

0.00087 

0600031 

S 

0600  (0.040)  - 

0.0200 

0.637 

0.01274 

0608115 

6 

0600  (0.032)  - 

0.0160 

0.016 

0.00026 

0.000004 

2 

0.1368 

7-0.2336 

0.03104 

_ 

0.01386 

060189 

INA *0.00 189  +  0.0 1 385  -  0.2335  (0.03194)  *  0.00828  in.4 


279(0,4035) 

0.00828 


14220  psi 


bw  ^  0.657  -0,02  -0.016 

b,  *  0.5  +  0.04 


Ks  *  5.2  (Ref.  (8)  Fig.  170.04.1-4) 


Ks  i)F.  /  tsy  _  5.2  irJ  (9.9  x10*2 

°a *  12  (l-M2)  \b$/  =  12  (l-M2) 

Fcy  3  1 6000  psi 


MS. 


16000 

14220 


3  +0.12 


l 
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ENGINE  ENCLOSURE  UPPER  AND  INLET  DUCT  ~  JET  NOISE 
REDUCTION  -  DWG  7389-430085  -  CONTINUED 

MAX  STRESS  IN  TYPICAL  SKIN  PANEL- 

Maximum  Stress  in  Typical  Skin  Panel  will  be  at  Mid  Point  of  Long  Side  —  Parallel  to  Short  Side. 


at  *  6800  psi  (Ref.  Fig.  7.9  Page  294  of  Ref.  (12)) 
M.S.  *  +  Large 
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ENGINE  ENCLOSURE  UPPER  AND  INLET  DUCT  -  JET 
NOISE  REDUCTION  -  DWG.  7389-430085  -  CONTINUED 


Maximum  Permissable  Deflection  in  Either  Skin  Panels  or  Frame  Stiffeners 
Equals  0.5  in.  from  the  Static  (Zero  Load)  Structural 
Positioning.  This  Will  Be  a  Combination  of  Stiffener  Bending 
Deflection  Plus  Skin  Panel  Center  Point  Deflections  Resulting 
From  Normal  Pressures. 


Stiffener  Deflection  Formula  For  Simply 
Supported  Beam  Uniformly  Loaded: 


5W83  _  Swbg4 
384EI  ”  384EI 
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ENGINE  ENCLOSURE  UPPER  AND  INLET  DUCT  -  JET 
NOISE  REDUCTION  DWG.  7389-430085  CONTINUED 

CHECK  OF  BENDING  SECTION  AT  CORNER 


75 -M 


Loads  in  spot  weld  attaching  ends  of  hat  sections: 


ZM:  0.38  B  + All)  =  75 
ZF:  A  +  B  =  C 


A  B  0.38A 

—  =  —  B  =  — —  =  0.38A 
I  0.38  I 


0.38A  x  0.38  + A  =  75 


..A  =  65.5 

.\B  =0.38(65.5)  =  24. 1  lb 
:.c  =65.5  +  24.1  =  89.6  tb 
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ENOINK  ENCLOSURE  LOWKR  JET  NOISE  REDUCTION 
l)WC;.  NO.  73X9^30083 


i 

i 


LL.fcTt 


For  Purposes  of  Analyzing  the  Side  Sheet  on  Above  Structure  — 
Assume  the  Lower  Deck  of  Engine  Enclosure  to  be  at  A  Constant 
Elevation  Between  Stations  129.189  in.  and  153.000  in. 


ANALYSIS  OF  SIDE  PANEL  -3 


W.L.  16.22 


Sta.  129.189 


Sta.  153 


! 

f 


h  _  8.47 
a  "  23 


0.368 


Ks  =  6  (Ref  (8)  Fig.  1 10.02. 1 . 1-1 ) 

6ir2  <9S 


Ks*2  _  6irJ  (9.9  x  10*)  /o.04(V 

=  1 2  <  1-u1 )  \b  )  ~  1 2  ( I -0.3 3 )  \  8.47/ 


1181  psi 


34,59 

0.040 


865  psi 


M.S.  =*  +  Large 


i 
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7.  bifurcated  Exhaust  Duct  and  Transition  Section 

The  bifurcated  exhaust  duct  section  of  this  engine  exhaust  system  installation  is  an  al¬ 
ready  proven  and  flight  tested  design  previously  used  with  the  WR-19  engine  on  the  Bell  jet  flying 
belt.  Material  used  is  A286  heat  resistant  steel  alloy.  The  transition  duct  section,  made  of  the  same 
material,  is  required  for  expansion  of  diameters  from  the  bifurcated  exhaust  end  to  the  spanwise 
wing  duct  inlet  end. 

The  aft  end  of  the  bifurcated  ducting  is  rigidly  attached  to  the  jet  engine.  Expansion 
joints  between  the  bifurcated  section  and  the  adjacent  outboard  transition  sections  permit  growth 
due  to  temperature.  The  flexible  joints  are  fiber  glass  sleeves  impregnated  with  silicone. 

Being  that  the  pressure  and  temperature  environment  for  the  proposed  Schweizer  sail 
plane  installation  is  the  same  as  the  jet  belt  the  structural  integrity  is  considered  to  be  adquate.  How¬ 
ever,  the  outboard  section  transitions  the  duct  from  the  round  crosa-section  in  the  bifurcated  region 
to  the  flat  upper  and  lower  cross  sections  of  the  spanwise  duct.  Being  flat  and  also  the  widest, 
stresses  due  to  pressure  are  investigated  herein. 

The  transition  exhaust  duct  section  located  between  the  round  bifurcated  duct  section 
outlet  and  the  spanwise  wing  duct  section  has  been  analyzed  using  the  General  Purpose  MAGIC  III 
Program  which  utilizes  the  finite  element  concept.  Sketches  follow  to  indicate  the  node  point  and 
element  numbering  system  (Figure  29a)  used  in  analysis  programing. 

Results  from  MAGIC  111  provide  element  deformations  and  stresses.  Maximum  deforma¬ 
tion  and  stresses  and  minimum  margins  of  safety  are  summarized  and  tabulated  in  Table  9a. 
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TABLE  9a.  SUMMARY  OF  EXHAUST  DUCT  TRANSITION  SECTION 
DEFLECTIONS*  STRESSES  AND  MARGINS  OF  SAFETY 


Ultimate  design  pressure  -10  psi 
Computer  output  values 


Elemant 

No. 

Nod# 

Points 

Limit 
-» - 

utnocnon 

(In.) 

mtMMW 

Sm 

(p*i)  (1) 

Wfjin  or 
Safety 
(2) 

3 

3, 13. 12,  2 

0.072 

65220 

♦1.17 

22 

13, 29,  22, 12 

0.152 

115321 

♦0.23 

41 

29.  33.  32.  22 

0.085 

70150 

♦1.02 

31 

17,  18.  27 

0.063 

60322 

♦High 

27 

15,  26,  25 

0.092 

58732 

♦High 

36 

19,  20.  30 

0.043 

42300 

♦High 

Notts: 

(1)  Ultimata  stress  is  the  sum  of  mambrana  plus  banding  itrmts. 

(2)  Margin  of  safety  is  calculated  using  a  material  allowable  for 
A- 286  steel  of  140,000  psi  at  equal  to  (140,000/ultimata 
stress  -1). 


E.  WEIGHTS  ANALYSIS 

Weight  and  balance  analyses  have  been  conducted  during  the  design  phase  of  the  Jet  Noise 
Reduction  program  as  applied  to  the  Schweizer  glider.  Model  SGS  2-32.  These  analyses  supported 
the  design  activities  by  assuring  that  the  glider,  when  modified,  will  exhibit  safe  weight  and  balance 
characteristics  during  the  flight  test  phase  of  the  program.  Due  to  the  acoustic  aspects  of  the  flight 
tests,  the  aircraft  will  only  be  flown  on  relatively  calm  days  in  controlled  maneuvers  made  possible 
since  it  is  a  powered  aircraft.  Thus,  maneuver  loads  will  be  less  than  those  encountered  as  a  glider 
and  design  load  factors  may  be  reduced  in  order  to  permit  test  operations  at  gross  weights  higher 
than  in  the  FAA  Type  Certificate,  No.  G IEA. 

Center  of  gravity  limits  for  the  glider  are  taken  as  Fuselage  Sta.  101.08  to  105.18  at  the 
gross  weight  of  1768  pounds  shown  in  Table  10.  These  limits  are  the  same  as  those  given  tor  the 
glider  in  the  Type  Certificate  for  the  maximum  weight  condition.  In  the  configuration  represented 
by  the  estimates  in  Table  10,  an  additional  44.0  pounds  of  nose  ballast  (24  pounds  is  in  the  de¬ 
livered  weight)  and  a  50  pound  battery  located  at  Fuselage  Station  20  are  installed  in  order  to  present 
an  acceptable  c.g.  location. 

The  weight  data  in  Table  10  are  based  on  either  Schweizer  Aircraft  Corporation  or  Bell  Aero¬ 
space  drawings  or  estimates  as  noted.  Actual  weight  data  for  Model  SGS  2-32,  Serial  No.  37  was 
obtained  from  Reference  13.  These  data  are  intended  to  represent  the  estimated  weight  and  balance 
in  a  flight  test  configuration.  Prior  to  actual  flight  testing  additional  definition  of  the  estimated 
weights  will  have  been  made  from  drawing  analyses  and  an  actual  weight  and  balance  measurement 
will  be  determined.  Assurance  that  the  aircraft  will  be  safely  configured  will  be  provided  by  these 
means.  Since  the  data  in  Table  10  is  of  a  summary  nature,  a  detailed  breakdown  of  the  Bell  drawing 
weights  is  presented  in  Table  1 1  for  additional  information. 
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MODIFIED  SCHWEIZER  GLIDER  WEIGHT  AND  BALANCE 


hm 

OMbStwt. 

El 

Arm 

Fueafta. 

E3 

Modal  SGS  2-32,  No.  37, 

Weight  Empty 

Form  1 4386, 11  July  1966 
Schwoizor  Aircraft  Corp. 

916.0 

113.08 

103,468 

Lais: 

Variant atar 

Sch waiter  Aircraft  Corp. 

-1.5 

37.0 

•56 

Oxygen  System 

Schwa* tar  Aircraft  Corp. 

•17.0 

19.9 

-338 

Delivered  Wet^n  Empty 

8844) 

116.11 

102,637 

Test  Configuration  Modifications: 
Dotations: 

Wing  Elamants 

Estimated 

47.5 

120.0 

•5,700 

AftSaat 

Schweizer  Air.  Corp. 

-6.5 

102.0 

•663 

Uppor  Fuse.  Skin 

Schweizer  Air.  Corp.  Dwg. 

-1.2 

141.0 

-169 

Wishbono  Struct. 

Schwaizar  Air.  Corp.  Dwg. 

-1.5 

116.0 

-174 

Additions: 

Exhaust  Duct  -  Transition 

Bail  Dwg.  7386430064 

6.0 

116.4 

698 

Duct  Install  •  Wing 

430062 

213.0 

116.3 

24,760 

Propulsion  Install  & 

430070 

196.5 

131.1 

25,629 

Fuselage  Mods 

Engine  Controls  and 

430086 

85.0 

44.0 

3,735 

Instruments 

Fuel  Tank 

Estimated 

12.4 

91.0 

1,128 

Fuel  Tank  Supports 

Estimated 

10.0 

91.0 

910 

Wing  Rib  Strengthening 

Estimated 

17.3 

120.0 

2,076 

New  Trailing  Edge  Flap 

Estimated 

23.0 

120.0 

2.760 

Flap  Controls 

Estimated 

3.0 

115.0 

445 

Inlet  Fairing 

Estimated 

24.0 

147.0 

3,628 

Ballast-Nose 

To  give  takeoff  c.g.  at  Sta.  104 

44.0 

15.0 

660 

Tost  Configuration  Waight  Empty 

1473.0 

110.45 

162.697 

Plus  Pilot  with  Chute 

Estimated  (170  ♦  28) 

196.0 

61.9 

12,071 

Grots  Weight  lest  Fuel 

104.78 

174897 

Plus  Fuel 

100.0 

91.0 

9,100 

Gross  Weight 

..  .  -  . 

1768.0 

104.0 

183868 

TABLE  1 1 .  DETAILED  WEIGHT  BREAKDOWN  -  JET  NOISE 
REDUCTION  MODIFICATIONS 


BaM 

Drawing 

Item 

. 

Weight.  R> 

7389-430054 

Transition  Duct 

1.78 

Exhaust  Duct  Assy  (GPP) 

2.69 

Clamp 

1.66 

: 

Total 

6.01 

7389-430062 

Inboard  Duct  Assy 

31.16 

Cantar  Duct  Assy 

30.14 

Outboard  Duct  Assy 

25.92 

Inboard  Strutt  and  Plata 

36.00 

i 

Cantar  Struts  and  Plata 

33.82 

Outboard  Struts  and  Plata 

31.20 

Joints,  Saalt,  Attachments 

24.76 

Total 

213.00 

7389430070 

Fuselage  Modifications 

6.60 

Engine  Enclosure 

88  a? 

Engine  (Williams  WR-19) 

67.00 

Engine  Ducting,  Clamps,  Supts 

32.60 

Attachments 

0.46 

Total 

196.46 

7389430088 

Exciter  and  Start  Tubing 

10.60 

Fuel  Line  Tubing 

3.00 

24- Volt  NICAD  Battery 

60.00 

Battery  Supports 

4.00 

Throttle  System 

4.00 

New  Instruments 

&00 

Wiring 

7.50 

Total 

_ i 

86.00 

F. 


DYNAMIC  STRUCTURAL  ANALYSIS 


The  cantilever  vibration  modes  of  the  struts  were  calculated  for  the  baae  rigidly  fixed;  they 
are  138, 882, 2*429, 4764,  7875  Hz.  However,  the  strut  mounting  plate  is  only  0.032  inches  thick 
and  the  fundamental  ‘cantilever’  mode  of  the  (rigid)  strut  on  tlte  rotational  stiffness  of  the  mounting 
plate,  along  the  root-chord  line,  was  estimated  to  be  50  Hz.  Since  this  bending  frequency  is  quite 
low,  and  the  first  torsional  mode  of  the  strut  is  estimated  to  be  much  longer  than  the  bending  mode, 
the  strut  was  checked  for  susceptability  to  bending-only  flutter.  Reference  14  indicates  that  this 
bending-only  flutter  is  impossible  for  zero-sweepback.  Even  though  the  struts  are  ‘swept*  1 1 .5° 
with  respect  to  the  vertical,  they  have  no  sweepback  relative  to  the  local  airflow  and  thus  should 
be  stable. 

The  strut  cantilever  modes  will  be  suppressed  considerably  by  the  silicone  rubber  air-seal 
around  each  strut  at  the  wing  upper  skin. 

The  tubular  type  construction  of  the  ducts  should  preclude  any  adverse  beam-bending  vib¬ 
ration.  The  spanwise  natural  frequency  of  the  duct  segments  on  the  wing  structure  or  the  ground 
test  rig  supports  have  not  been  calculated  since  these  installations  have  not  been  finalized.  However, 
the  organ-pipe  frequencies  of  the  duct  (all  3  sections)  with  800*  R  gas  inside  were  calculated  to  be 
27.7, 83.1,  138.5, 193.9, 249.3  Hz,  etc.  for  the  odd  half-wave  harmonics.  These  frequencies  should 
be  avoided  in  the  duct  installation. 

The  nominal  engine  speeds  of  30  krmp  and  54  krpm  for  the  low  pressure  and  high  pressure 
sections,  respectively,  correspond  to  frequencies  of  500  and  900  Hz  respectively;  these  frequencies 
should  not  be  transmitted  beyond  the  engine  itself  due  to  the  small  unbalance  forces  involved  (small 
rotors  and  good  balance)  and  the  fact  that  the  engine  mounts  will  isolate  very  well  at  these  high  fre¬ 
quencies. 

The  fuel  line,  throttle  linkage,  and  other  controls  or  sensors  connected  to  the  engine  should 
be  supported  in  soft  rubber  bushings  and  grommets  to  prevent  transmission  of  engine  vibration  to 
the  fuselage  structure. 

The  sheet-metal  engine  enclosure  and  intake  airscoop  are  extensively  treated  with  acoustical 
linings  which  will  also  suppress  mechanical  vibration  of  these  panels. 

G.  ACOUSTIC  ANALYSIS 

I .  Wing  Ducts 

The  wing  ducts  are  acoustically  treated  to  minimize  the  radiation  of  upstream  noise 
through  the  microjet  nozzles  and  to  reduce  the  buildup  of  acoustic  modes.  Upstream  noise  consists 
mainly  of  fan-discharge  and  compressor  noise,  engine  combustion  noise  and  duct-flow  noise. 

The  acoustic  treatment  and  wing-duct  sections  are  shown  in  BAC  Drawing  No. 
7389-430055, 056  and  057.  Both  the  chordwise  and  spanwise  sections  are  free  of  parallel  surfaces 
to  reduce  susceptibility  to  acoustic  normal  mode  buildup.  Approximately  60%  of  the  wing  duct 
chordwise  perimeter  is  acoustically  treated  with  a  porous  sintered-metal  facing  sheet  (35  Rayl 
Rigimesh)  offset  0.75  inches  from  the  duct  wall.  This  type  of  treatment  is  most  effective  in  the 
800-8000  Hz  range,  and  is  particularly  suited  to  suppressing  the  fan-discharge  and  compressor  noise. 
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The  limited  wing-duct  cross-sectional  area  and  duct-flow  velocities  (up  to  about  Mach  O.IS)  preclude 
the  application  of  treatment  significantly  effective  at  frequencies  below  800  Hz.  A  low-frequency 
resonant  absorber  would  require  an  unacceptably  deep  core  and/or  extremely  thick  facing  sheet 
(Reference  1 5,)and  a  viscous  absorber  would  not  be  suitable  at  the  anticipated  duct-flow  velocities. 

Parameters  affecting  the  duct  attenuation  as  a  function  of  frequency  are  duct  height 
and  length,  number  of  wails  treated,  composition  and  flow  resistance  of  the  porous  facing  sheet, 
core  depth  (offset  of  facing  sheet  from  duct  wall)  and  duct-flow  Mach  number.  Extensive  investi¬ 
gation  of  the  effects  of  these  parameters  is  reported  in  Reference  16.  The  attenuation  of  the  QRTV 
wing  ducts  was  predicted  by  empirically  modifying  the  attenuation  of  the  closest  corresponding 
case  in  Reference  1 6.  This  data  is  for  a  6  x  10  in.  rectangular  cross-section  duct.  22  in.  length,  lined 
on  the  two  10-in.  duct  walls  with  a  30-ray!  polyimide  fiberglass  facing  sheet.  0; 75-in.  core  depth,  at 
a  Mach  0.15  duct-flow  velocity.  Corrections  were  made  to  conform  to  the  QRTV  parameters  - 
10  x  3  x  10  x  1  in.  trapcxoidal  duct  cross-section,  treated  on  all  but  one  10-in.  side  with  a  sintered 
metal  facing  sheet  instead  of  polyimide,  and  a  350°F  duct  temperature. 

The  resulting  predicted  sound  attenuation  in  a  22-in.  length  of  wing  duct  is  shown  in 
Figure  30.  The  treatment  is  most  effective  in  the  2-3  kHz  range,  with  attenuation  exceeding  20  dB. 
Significant  attenuation  is  maintained  at  higher  frequencies,  being  about  5  dB  at  10  kHz.  At  fre¬ 
quencies  below  the  peak  frequency  the  attenuation  drops  off  rapidly  and  is  negligible  below  800  Hz. 

The  effect  of  duct  length  on  attenuation  was  studied  in  Reference  16.  Attenuation  in 
dB  at  the  peak  frequency  is  nearly  a  linear  function  of  duct  length;  if  the  peak  attenuation  for  a 
22-in.  duct  is  21  dB,  then  a  44-in.  duct  would  have  about  40  dB  attenuation  at  the  peak  frequency. 
Attenuation  increases  less  rapidly  with  duct  length  at  other  frequencies;  for  example,  the  one-octave 
bandwidth  attenuation  (centered  at  the  peak  frequency)  increases  about  3-4  dB  for  each  additional 
10  in.  of  duct. 

Internal  wing-duct  noise  is  radiated  through  the  microjet  nozzles  continuously  along  the 
wing  span.  It  is  thus  evident  that  one  cannot  simply  define  the  effectiveness  of  the  wing-duct 
acoustic  treatment  as  the  attenuation  of  the  full-length  duct  because  the  noise  at  each  strut  is  based 
on  a  different  duct  length.  Further  testing  and  analysis  must  therefore  be  performed  to  determine: 

1 .  Radiation  characteristics  of  internal  duct  noise  propagating  through  the  microjet 
nozzles,  including  effects  of  flow. 

2.  Effect  of  strut-base  openings  on  the  wing-duct  attenuation. 

3.  Local  flow-noise  generation  at  the  base  of  each  strut. 

2.  Inlet,  Engine  Enclosure,  and  Exhaust  Duct 

It  is  necessary  to  reduce  the  engine  and  fan  noise  such  that  these  sources  will  not  con¬ 
tribute  to  aural  detectability  of  the  aircraft.  The  inlet  duct  must  be  lined  to  reduce  upstream  propa¬ 
gation  of  fan  noise,  and  the  engine  and  bifurcated  exhaust  duct  must  be  enclosed  by  a  sound  barrier 
to  attenuate  case-radiated  jet  noise  and  combustion  noise. 

This  analysis  is  presented  in  two  parts,  discussing  first  the  lining  of  the  inlet  duct  and 
then  the  sound-barrier  engine/exhaust  duct  enclosure. 
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Figure  30.  Predicted  Attenuation  of  Wing 


a.  Inlet  Duct  Lining 

At  cruise  power,  the  fundamental  blade-passage  frequency  of  the  WR-19  fan  is 
approximately  9  kHz.  Interaction  with  the  stator  and  the  compressor  blades  will  generate  sub- 
harmonics  in  the  l-S  kHz  range.  Although  lower  in  amplitude  than  the  9  kHz  fan-blade  tone,  the 
subharmonics  will  likely  be  the  greater  problem  because  sound  at  t-S  kHz  is  less  favorably  attenuated 
by  the  atmosphere. 

The  predicted  inlet-duct  attenuation  is  computed  from  duct-lining  attenuation 
data  and  parameter-variation  studies  given  in  Reference  16.  The  acoustically-lined  inlet  duct,  de¬ 
tailed  in  BAC  drawing  7389-430085  and  illustrated  in  Figure  31,  consists  basically  of  four  ‘sections', 
each  with  different  acoustic  properties.  Starting  from  the  WR-19  engine  inlet  and  proceeding  in  the 
upstream  direction,  these  sections  are: 


Length  (in.) 

Cross-Section  (in.) 

1. 

Lined  Plenum  at  Engine  Inlet , 

15 

8.5  x  18 

2. 

Lined  90-degree  Bend 

10 

6.5  x  18 

3. 

Lined  Splitter  Section 

65 

3x18  (each,  2  Sections) 

4. 

Lined  Air-Intake  Section 

8 

8.5  x  18 

(All  dimensions  are  approximate) 

An  accurate  sound  attenuation  prediction  for  this  four-section  inlet  is  difficult  to 
achieve  because  the  length  of  each  section  is  in  each  instance  less  than  the  largest  cross-sectional 
dimension.  To  be  most  effective,  a  lined  duct  should  be  several  diameters  long;  the  duct  sections 
tested  in  Reference  16  were  generally  2.2  times  their  width. 

As  a  result,  the  predicted  attenuations  of  the  individual  sections  were  not  summed 
directly  tor  the  complete  duct.  The  procedure  used  was,  first,  to  predict  the  attenuation  of  each 
duct  section  over  the  800  kHz  -  8  kHz  range  using  Reference  16  by  extrapolating  attenuation  data 
for  a  22  inch  long  duct,  6  inch  by  10  inch  rectangular  cross-section,  acoustically  treated  only  on  the 
10  inch  sides.  Then,  at  each  frequency,  the  total  attenuation  of  the  four  sections  was  computed  by 
adding  the  attenuation  of  the  best  section  to  one-half  the  sum  of  the  attenuations  of  the  remaining 
three  sections.  The  results  are  as  follows  (attenuation  in  db); 


Section 

0.8 

I 

1.5 

Frequency  in 

2  2.5 

kHz 

3 

4 

8 

Plenum 

3db 

3 

6 

12 

11 

9 

5 

2 

90°  Bend 

2 

4 

8 

14 

19 

23 

20 

17 

Splitter 

2 

3 

5 

9 

13 

18 

16 

5 

Intake 

1 

2 

3 

8 

10 

8 

5 

1 

‘Sum’  for  Complete  Inlet  Duct 

5db 

8 

15 

29 

36 

41 

33 

21 

101 


Acoustic  Lin 


Figure  31. 


Or  the  four  duct  sections,  the  90-degree  bend  is  the  most  effective,  followed 
closely  by  the  splitter  section.  The  intake  section  is  least  effective,  because  of  its  short  length  and 
relatively  greater  height. 

The  predicted  attenuation  for  the  complete  inlet  duct  is  plotted  in  Figure  32. 
Greater  than  10  db  attenuation  is  predicted  above  l.l  kHz,  and  above  about  I.S  kHz  the  attenuation 
exceeds  20  db.  Peak  attenuation  of  41  db  occurs  at  3  kHz. 

A  firm  conclusion  regarding  the  effectiveness  of  the  inlet  acoustic  treatment  cannot 
be  made  without  measured  or  reliably  predicted  inlet  noise  levels  for  the  bare  WR-19  engine,  presently 
unavailable.  If  the  static  propulsion  tests  of  the  QRTV  indicate  a  requirement  for  additional  attenua¬ 
tion,  this  could  likely  be  achieved  by  some  increase  in  duct  length  and  greater  utilization  of  lined 
splitters. 


b.  Engine  and  Exhaust  Enclosures 

The  engine  and  bifurcated  exhaust  ducts  (BAC  drawing  7389-43008S)  are  enclosed 
with  a  sound-barrier  sandwich  consisting  of  two  quarter-inch  thick  fiberglass  mats  (Exactomat) 
separated  by  a  thin  lead  sheet  septum.  A  plastic  spray  coating  is  applied  to  the  outer  face  of  the  sand¬ 
wich  to  protect  the  fibreglass  from  erosion.  The  sound  barrier  is  applied  generally  on  the  external 
surface  of  the  enclosures,  except  on  the  sides  and  top  of  the  engine  enclosure  where  it  is  affixed  to 
the  inside  surface  to  provide  internal  sound  absorption  to  the  engine  box  in  order  to  minimize  rever¬ 
berant  noise  buildup. 

The  sound  transmission  loss  of  the  enclosure  with  noise  barrier  is  predicted  from  a 
method  described  in  Reference  1 7  that  considers  both  mass-law  and  coincidence  effects,  and  is  plotted 
in  Figure  33.  The  0.040-in.  aluminum  skin  is  itself  quite  effective,  exceeding  20  db  transmission  loss 
(T.L.)  above  0.8  kHz.  With  the  sound  barrier  attached,  the  T.L.  is  at  least  7  db  greater  at  all  fre¬ 
quencies. 


Sound  radiated  downward  and  laterally  from  the  engine  must  pass  through  both  the 
sound-barrier-on-aluminum-skin  engine  enclosure  and  the  outer  skin  of  the  fuselage.  Together  the 
system  provides  more  than  35  db  T.L.  at  500  Hz,  and  over  60  db  T.L.  at  2  kHz.  Upward-radiated 
sound  transmitted  through  the  inlet  duct  wall  is  attenuated  by  sound-barrier  duct  wrapping. 

3.  Radiated  Noise  of  the  QRTV 

The  predicted  flyover  noise  of  the  QRTV  for  1500  ft  altitude  at  50  knots  flight  speed  is 
shown  in  Figure  34.  Two  dominant  noise  sources  are  present,  the  glider  aerodynamic  noise  and  the 
jet  noise  from  the  strut  array. 

The  glider  noise  spectrum  is  extrapolated  from  flyover  noise  measured  in  Phase  I,  Task  6 
(Ref.  28)  at  1 25  ft  altitude  and  94  ft/sec  flight  speed.  Predicted  jet  noise  is  taken  directly  from  Refer¬ 
ence  18,  page  133  and  is  based  on  noise  measurements  from  a  45-strut  array  blown  with  compressed  air. 
The  maximum  1 /3-octave  band  SPL  is  24.5  db,  in  the  315  Hz  band,  which  is  essentially  identical  with 
the  results  shown  in  Figure  77  of  Reference  18.  Therefore,  the  inclusion  of  the  results  of  Reference  28 
(Glider  Flight  Test)  has  not  changed  the  predicted  detectability  of  the  QRTV-72. 
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Figure  32.  Predicted  Noise  Attenuation  of  Acoustically  Treated  Engine  Inlet  Duct 


Figure  34.  Predicted  Jet  and  Aerodynamic  Noise  of  QRTV  at  SO  Knot*  1500-Foot  Flyover 


I!  is  anticipated  that  the  engine  and  inlet  noise  will  be  suppressed  by  proper  acoustic 
treatment,  and  thus  will  be  inaudible  relative  to  the  jet  and  aerodynamic  noise. 

An  approximate  test  to  demonstrate  the  adequacy  of  theae  acoustic  treatments  would 
be  to  duct  the  exhaust  gas  from  the  wing-feed  ducts  to  acoustic  “dump”,  and  measure  the  remaining 
engine  noise  of  the  aircraft  at  a  horizontal  range  of  I S  feet  with  the  engine  operating  at  “ground 
idle”.  If  the  I /3-octave  measurements  do  not  exceed  the  “sum”  levels  shown  in  Figure  34  by  more 
than  35  db.  the  suppression  is  almost  certainly  adequate.  If  levels  more  than  45  db  above  the  “sum” 
curve  are  observed  at  IS  feet  (horizontal),  more  suppression  will  definitely  be  required.  If  levels 
between  35  and  45  db  over  the  “sum”  curve  arc  encountered,  either  more  careful  measurements 
(accounting  for  ground  reflection  and  directivity)  will  be  required,  or  more  attenuation  should  Ik 
applied  to  eliminate  these  noises  as  possible  sources  of  problems. 
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III.  FABRICATION  OF  TOOLS  AND  PROPULSIVE  STRUTS 


Of  the  nine  tasks  negotiated  to  be  accomplished  during  this  Phase  II  of  the  Jet  Noise  Re* 
duction  Program,  only  one  pertained  to  the  fabrication  of  the  flightworfhy  hardware  components 
for  use  on  the  ground  static  propulsion  test  stand.  This  task  involved  the  development  of  techniques 
and  the  tools  required  to  fabricate  a  sufficient  number  of  propulsive  struts  to  equip  one  Quiet 
Research  Test  Vehicle. 

Results  of  preliminary  propulsion  analysis  indicated  that  a  total  of  434  struts  (21 7  per  wing 
panel)  would  provide  a  sufficient  excess  in  total  propulsion  nozzle  area  to  assure  satisfactory  oper¬ 
ation  of  the  WR-1 9  engine  during  ground  tests.  Hence,  the  installation  of  this  number  of  struts  was 
provided  for  during  the  design  of  the  spanwise  wing  ducts.  With  an  allowance  of  36  struts  for  attri¬ 
tion  during  system  fabrication  and  of  10  struts  for  engineering  testing,  a  total  of  482  struts  were 
planned  for  fabrication. 

A.  FABRICATION  OF  TOOLS 

Phase  I  of  this  program  was  concerned  with  the  development  of  a  multiple  microjet  nozzle 
configuration  and  arrangement  and  a  series  of  bench  and  wind  tunnel  tests  to  verify  the  characteristics 
of  the  selected  propulsive  strut  design.  Fabrication  techniques  employed  to  fabricate  these  develop¬ 
ment  struts  were  effective  and  produced  very  satisfactory  struts  with  consistent  propulsive  charac¬ 
teristics.  However,  as  Phase  II  began,  it  became  evident  that  these  techniques  would  prove  too  costly 
for  a  production  type  process.  A  Bell  Aerospace  Company-funded  manufacturing  development  pro¬ 
gram  resulted  in  a  strut  fabrication  technique  which  promised  to  be  much  more  economical.  The 
primary  innovation  in  this  technique  pertained  to  the  manner  in  which  the  strut  trailing  edge  and 
microjet  nozzles  were  formed.  The  previous  method  consisted  of  forming  a  trailing  edge  piece, 
drilling  the  nozzles  by  the  EDM  process,  and  fitting  this  piece  to  an  airfoil  shaped  strut  with  an  open 
trailing  edge.  The  present  method  utilizes  a  punch  and  coin  tool  and  die  which  punches  the  nozzles 
and  coins  the  strut  trailing  edge  in  a  fiat  sheet  blank  of  the  complete  strut. 

I .  Punch  and  Coin  Tool  and  Die 

The  punch  and  coin  tool  was  fabricated  from  a  pre-machined  and  heat  treated  piece  by 
the  electric  discharge  machining  (EDM)  process.  To  do  this,  it  was  first  necessary  to  machine  a 
female  electrode  from  a  copper-tungsten  alloy  to  the  desired  contours  of  the  punch  and  coin  tool. 
Figure  35(a)  shows  this  electrode  in  which  the  row  of  seventy  holes  which  formed  the  nozzle  punch 
and  internal  contours  may  be  seen.  Figure  35(b)  depicts  the  electrode  mounted  in  the  EDM  fixture. 

In  the  middle  of  the  photograph  the  heat  treated  punch  and  coin  tool  may  be  seen  in  the  partially 
machined  state.  Once  completed  the  tool  was  dressed,  polished,  and  mounted  on  the  die  shoe  as 
portrayed  in  Figure  35(c). 

Meanwhile  a  “Vee”  shaped  female  die  was  machined  to  the  desired  contour  of  the  strut 
trailing  edge  and  jig-bored  to  match  the  nozzle  punch  pattern  of  the  punch  and  coin  tool.  This  die 
is  shown  in  Figure  35(d)  mounted  on  the  die  shoe  matching  that  on  which  the  punch  was  mounted. 
Stripper  tools  are  mounted  on  either  side  of  the  die  block  to  strip  the  formed  and  punched  part  from 
the  tool. 
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Figure  35.  Punch  and  Coin  Tool  and  Die 


2.  Other  Strut  Fabrication  Tools 


Several  other  tools  and  manufacturing  aids  were  required  to  successfully  manufacture 
consistent  propulsive  struts.  Some  of  these  are  contained  in  Figure  36.  The  strut  development  tern* 
plate  is  depicted  in  Figure  36(a).  This  is  a  flat  plate  development  of  the  airfoil  shaped  strut  and 
rounded  tip  which  is  used  to  shear  strut  blanks  from  flat  sheet  and  form  the  rounded  tip. 

During  development  of  the  strut  fabrication  technique,  it  was  found  necessary  to  fold 
the  strut  blank  into  a  vee  along  the  trailing  edge  prior  to  the  punch  and  coin  operation.  This  folding 
tool  is  shown  in  Figure  36(b). 

Once  the  strut  trailing  edge  and  nozzles  were  formed,  the  airfoil  shape  of  the  strut  was 
obtained  by  use  of  the  formingjnandrel  in  Figure  36(c).  An  additional  tool  (see  Figure  39a)  was  em¬ 
ployed  to  finalize  the  leading  edge  shape  and  reduce  the  closure  for  TIG  welding.  After  the  welding 
operation,  the  strut  was  placed  in  the  fixture  portrayed  in  Figure  36(d)  to  drill  the  holes  for  riveting 
the  airfoil  shaped  tension  posts  in  place  inside  the  strut.  Locating  and  holding  the  posts  during  the 
riveting  process  utilized  another  special  manufacturing  aid  (see  Figure  41c). 

The  flare  at  the  base  of  the  strut  was  formed  by  hand  using  a  custom  made  flaring  tool. 
B.  FABRICATION  OF  THE  PROPULSIVE  STRUTS 

The  fabrication  of  the  propulsive  struts  consists  of  fifteen  basic  manufacturing  operations 
accompanied  by  several  minor  tasks.  The  fifteen  operations  are: 

1 .  Shear  strut  blanks  and  shape  tip  area 

2.  Pre-fold  trailing  edge 

3.  Anneal  part 

4.  Punch  and  coin  trailing  edge  and  nozzles 

3.  De-burr  exterior  nozzle  edges 

6.  Liquid  hone  internal  nozzle  contours 

7.  Visually  inspect  nozzle  contours 

8.  Form  airfoil  shape  and  strut  tip 

9.  TIG  weld  leading  edge  and  tip 

10.  Gean  up  weld  seam 

1 1 .  Perform  die  penetrant  check 

1 2.  Drill  and  countersink  for  tension  posts 

1 3.  Insert  post  and  rivet 

14.  Flare  strut  base 

15.  Buff  cleanup  of  completed  strut. 

A  series  of  figures  have  been  prepared  which  photographically  illustrate  the  majority  of  these 
operations.  Figure  37(a)  portrays  the  result  of  Operation  2  during  which  the  strut  flat  blanks  were 
folded  along  the  trailing  edge.  The  folding  process  work -hardened  the  strut  in  the  trailing  edge  region 
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Figure  36.  Additional  Fabricational  Tools 


1 


mu 


to  the  extent  that  the  part  had  to  be  annealed  prior  to  punching  and  coining  the  trailing  edge  and 
nozzles.  Figure  37(b)  shows  the  punch  press  operator  inserting  the  annealed  Folded  blank  into  the 
“Vee”  die  under  the  strippers.  The  following  Figure  37(c)  shows  the  part  in  position  for  the  actual 
punching  and  coining.  The  finished  part  shown  in  Figure  37(d)  has  actually  undergone  the  demurring 
of  Operation  5. 

During  the  punch  and  coin  operation,  a  certain  amount  of  material  was  extruded  into  the 
clearance  between  the  hole  punch  and  die.  This  material  constituted  the  exterior  burr  which  had  to 
be  removed.  In  addition,  some  of  this  extruded  material  adhered  to  the  punch  and  was  drawn  back 
into  the  nozzles  as  the  part  was  stripped  from  the  punch.  This  undesirable  debris  was  readily  re¬ 
moved  by  the  liquid  hone  Operation  6  depicted  in  Figure  38(a).  The  struts  were  visually  inspected 
individually  lor  acceptance  under  magnification  in  the  manner  illustrated  in  Figure  38(b).  In  order 
to  verify  the  general  shape  of  the  nozzle  interior  contour,  one  of  these  formed  trailing  edges  was 
sectioned  and  photographed  under  approximately  10  power  magnification.  This  is  portrayed  in 
Figure  38(c).  At  this  point  the  accepted  parts  proceeded  to  Operation  8  during  which  the  airfoil  shape 
of  the  strut  was  formed.  This  is  illustrated  in  Figure  38(d)  which  shows  the  strut  body  on  the  forming 
mandrel  lying  on  a  thick  pad  of  relatively  hard  rubber  in  an  hydraulic  press.  A  similar  rubber  pad,  out 
of  camera  view,  was  attached  to  the  descending  part  of  the  press.  Operation  of  the  press  forced  the 
soft  aluminum  sheet  to  form  around  the  mandrel  into  the  desired  airfoil  shape.  A  slight  spring-back 
and  insufficient  forming  near  the  leading  edge  required  some  manual  forming  to  reduce  the  gap  as 
illustrated  in  Figure  39(a).  This  operation  was  followed  by  the  manual  forming  of  the  tip  portrayed 
in  Figure  39(b).  The  part  was  next  mounted  in  the  weld  fixture  and  Operation  9  was  performed 
wherein  a  continuous  weld  was  made  along  the  strut  leading  edge  and  tip  as  shown  in  Figure  39(c). 

The  part  on  the  left  in  Figure  39(d)  depicts  the  leading  edge  seam  after  welding.  The  part  on  the  right 
shows  how  the  leading  edge  looked  after  the  weld  seam  cleanup  of  Operation  10  which  is  shown  in 
steps  in  Figures  40  (a)  (b)  and  (c).  Following  cleanup  the  weld  seams  were  subjected  to  a  dye  pene¬ 
trant  quality  inspection  check  to  detect  any  cracks  or  other  flaws  (See  Figure  40(d) ).  In  all  cases 
the  defects  were  repairable  and  were  reworked  in  the  weld  shop. 

With  the  strut  bodies  complete  and  accepted  by  the  Quality  Assurance  Department.  Operations 
1 2  and  1 3  were  accomplished.  These  consisted  of  drilling  and  countersinking  holes  in  the  strut  and 
riveting  the  airfoil  shaped  tension  posts  in  place.  These  operations  are  illustrated  in  Figures  41(a)  (b) 
(c)  and  (d).  Prior  to  the  rivet  operation  the  hole  in  the  strut  and  post  were  first  coated  with  zinc 
chromate.  This  was  done  to  prevent  leakage  of  exhaust  gases  from  the  strut. 

During  Operation  14  the  base  of  the  struts  were  flared.  This  is  depicted  in  Figure  42(a)  with 
the  completed  flare  shown  in  Figure  42(b).  The  final  Operation  15  comprised  a  buffing  cleanup 
portrayed  in  Figure  42(c)  which  removed  slight  surface  scratches  which  occurred  during  fabrication 
as  well  as  any  zinc  chromate  residue  on  the  strut  surface. 
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Figure  38.  Further  Manufacturing  Steps 


(c)  TIG  Welding  in  Fixture  (d)  Strut  Welded  end  Drened  Up 

Figure  39.  Final  Forming  and  Welding  of  Strut 


(d|  Application  of  Oia  Penetrant 


Figure  41.  Installation  of  Tension  Posts 


Figure  42.  Completion  of  the  Propulsive  Strut 


IV.  CONCLUSIONS 


As  a  result  of  the  Bench/Wind  Tunnel  Tests  and  Flight  Tests  of  Phase  I  of  this  contract,  certain 
technical  conclusions  were  made  which  had  a  direct  bearing  on  Phase  II  efforts. 

1 .  A  single  row  of  N  circular  nozzles  in  a  line,  spaced  2  diameters  center-to-center,  when 
measured  in  the  broadside  direction,  show  noise  levels  not  significantly  different  from  N  individual 
nozzles,  and  when  measured  in  the  axial  direction,  a  few  dB  quieter. 

2.  Closely-spaced  multi-strut  arrays  generally  produce  less  noise  than  an  equal  number  of 
widely-spaced  single  stmts  at  high  frequencies,  and  more  noise  at  low  frequencies.  For  arrays  of  1 S 
struts  or  more  the  noise  at  all  frequencies  and  in  the  important  directions  appears  to  be  proportional 
to  the  number  of  struts,  within  experimental  error. 

3.  The  noise  of  individual  jets  increases  linearly  with  frequency  (the  peak  of  the  jet  noise 
frequency  spectrum  is  well  above  20  kHz).  The  higher  frequencies  are  reduced  by  the  combined  effects 
of  (a)  reduction  of  shear  in  a  multi-strut  array,  (b)  shielding  of  stmt-nozzle  noise  due  to  reflection 

and  refraction  off  the  surface  of  the  wing,  and  (c)  atmospheric  attenuation.  This  decrease  in  the  high- 
frequency  noise  results  in  critical  aural  detection  bands  for  a  QRTV  at  500  Hz  or  lower,  even  in  the 
presence  of  moderate  aircraft  maneuvers. 

4.  A  useful  QRTV  can  be  produced  by  modification  of  a  sailplane,  using  a  GFE  fanjet  engine. 

5.  The  predicted  aural  detectability  of  a  Quiet  Research  Test  Vehicle  is  significantly  less  than 
other  types  of  quiet  aircraft. 

6.  A  Quiet  Research  Test  Vehicle  could  also  demonstrate  the  aerodynamic  advantages  of 
improved  lift  and  resulting  short  takeoff  obtained  with  this  concept. 

7.  The  predicted  static  jet  propulsion  noise  in  the  lowest  bands  exceeds  the  aerodynamic 
noise  of  the  sailplane  at  the  best  speed  for  quiet  cruise  (50  knots).  At  70  knots,  the  two  noise  com¬ 
ponents  are  about  equal. 

8.  The  flight  test  evaluation  of  “dummy”  propulsive  stmts  installed  on  the  upper  surface  of 
a  glider  wing  (Phase  I,  Task  6)  showed  that  the  overall  noise  and  detectability  of  the  aircraft  was  not 
adversely  affected  by  the  stmt  installation  even  though  the  “dummy”  produced  a  drag  increment 
larger  than  that  of  the  actual  propulsive  stmts. 

During  Phase  II  the  concept  of  a  ground  static  test  of  the  complete  flight-weight  propulsion 
system  installed  in  the  test  aircraft  was  introduced,  reduced  to  a  concrete  approach,  and  incorporated 
as  a  redirection  to  the  contract.  The  analysis  and  detailed  design  of  the  installation  of  the  quiet  pro¬ 
pulsive  system  in  the  Schweizer  SGS  2-32  Sailplane  was  completed  and  showed  that  the  test  aircraft 
modification  can  be  accomplished  in  a  safe  and  serviceable  manner.  The  fabrication  of  the  flight- 
worthy  propulsive  stmts  was  achieved  by  employing  a  punch  and  coin  process  which  proved  to  be 
much  more  economical  and  producible  that  the  EDM  process  originally  contemplated. 

The  purpose  of  this  contract  was  to  resolve  technical  questions  in  acoustics,  propulsion, 
structures,  and  aerodynamics  in  order  to  assess  the  feasibility  of  adapting  the  concept  of  propulsive 
microjet  struts  to  produce  a  Quiet  Research  Test  Vehicle.  All  of  the  technical  questions  have  been 


satisfactorily  resolved  to  the  degree  possible  short  of  a  full  scale  installation  and  flight  test.  The  major 
remaining  questions  are:  ( 1 )  does  the  jet  engine  produce  noise  (e.g.,  low-frequency  combustion  noise) 
than  can  be  attenuated  in  a  feasible  flight-weight  engine/ducting  installation;  and  (2)  wiU  the  flow  of 
turbulent  mixed  air  from  the  propulsive  struts  over  the  upper  surface  and  trailing  edge  of  the  wing  in 
flight  produce  more  noise  than  that  measured  during  the  static  tests  or  than  that  of  the  wing  itself? 
There  appears  to  be  no  way  of  answering  these  questions  in  a  definitive  manner  other  than  the  pro¬ 
posed  full  scale  static  propulsion  tests  and  flight  tests. 

In  addition  to  assuring  the  feasibility  of  the  original  concept,  the  contract  has  provided 
sufficient  data  to  indicate  directions  in  which  the  original  concept  could  be  improved.  In  particular, 
it  has  been  shown  that  the  proposed  strut  array  produces  low-frequency  noise  which  is  much  greater 
than  that  extrapolated  from  individual  nozzles  or  single  strut  tests.  Also,  the  drag  of  the  present  strut 
array  is  sufficient  to  seriously  affect  the  dash  speed  capability  of  the  aircraft.  It  appears  likely  that  it 
will  be  possible  to  accept  slightly  greater  noise  from  single  struts  (by  employing  larger  nozzles  or  more 
rows  of  nozzles  per  strut)  in  order  to  reduce  both  the  drag  of  the  strut  array  and  the  low-frequency 
noise  of  the  strut. 

The  feasibility  of  this  noise  reduction  concept  could  be  demonstrated  by  means  of  a  static 
propulsion  system  test  followed  by  flight  tests  of  the  complete  QRTV. 
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V.  APPENDICES 
APPENDIX  A 

DETAILED  DESIGN  OF  THE  SCHWEIZER  SGS  2-32 
SAILPLANE  WING  MODIFICATION  FOR  INSTALLATION 
OF  THE  SPANWISE  DUCT 

I.  GENERAL 

The  specific  goal  of  this  task  was  to  achieve  an  expeditious  modification  of  the  Schweizer 
SGS  2-32  wing  to  incorporate  the  spanwise  duct  which  will  supply- engine  exhaust  gases  to  the 
propulsive  struts  on  the  upper  surface  of  the  wing.  In  order  to  achieve  this  goal,  it  was  necessary 
to  conduct  a  detailed  structural  analysis  of  the  modified  wing.  In  addition,  certain  other  pertinent 
factors  were  considered  to  the  extent  necessary  to  ensure  overall  safety  in  flight  of  this  wing  modi¬ 
fication.  These  factors  involved  ( I )  The  effects  of  temperature  conditions  within  the  wing  pro¬ 
duced  by  the  hot  exhaust  gases  flowing  through  the  wing  duct,  (2)  The  change  in  wing  loads  pro¬ 
duced  by  the  installation  of  the  trailing  edge  flap  with  the  propulsive  struts  blowing,  (3)  The 
change  in  wing  flutter  characteristics  produced  by  the  duct  installation,  and  (4)  The  possible 
changes  in  the  operational  limit  load  factor  of  the  aircraft  required  due  to  the  altered  wing  structure 
and  associated  flight  loads. 

A.  THERMAL  ANALYSIS 

Under  conditions  of  maximum  engine  operation,  the  mixed  exhaust  gas  temperatures  from 
the  WR-19  will  be  approximately  550°F.  Since  these  gases  are  distributed  to  the  propulsion  struts 
located  on  the  wing  surface  by  means  of  a  duct  within  the  aluminum  wing  structure,  heating  of  the 
wing  structure  to  temperatures  in  excess  of  300°F  was  a  possibility,  with  the  associated  detrimental 
effect  on  the  structure.  Consequently,  a  study  was  conducted  which  has  three  primary  objectives: 

( I )  predict  the  design  structural  temperatures  of  wing  for  both  idle  and  maximum  power  con¬ 
ditions,  (2)  design  a  thermal  protection  system  to  maintain  all  structural  temperatures  to  less 
than  300°F  and  (3)  verify  the  final  design. 

The  basic  wing  structure  consists  of  0.025  inch  aluminum  skin  riveted  to  a  1.0  inch  high 
“zee”  section  spaced  7.5  inches  apart.  In  the  vicinity  of  the  6AL-4V  titanium  exhaust  duct,  the 
“zee”  sections  are  fabricated  from  two  0.75  inch  x  0.75  inch  x  0.032  inch  angles  riveted  together.* 
Except  for  a  few  supports  along  the  duct  there  is  a  0.15  inch  gap  between  the  wing  ribs  and  the 
duct.  During  idle  operation,  the  exhaust  gas  flows  through  the  duct  at  a  mach  number  of  0.1  and 
a  temperature  of  3S0°F.  During  maximum  power  condition,  these  values  increased  to  0.2  and 
550°F  respectively. 

For  purposes  of  the  thermal  analysis,  only  the  upper  wing  structure  was  analyzed.  In  the 
region  of  the  “zee”  sections  heat  flows  from  the  duct  to  the  ’zee”  sections  by  the  combined  modes 
of  radiation  and  conduction  across  the  0.1 5  inch  air  gap.  Convection  was  not  permitted  in  the  gap 
since  the  gap  width  is  too  narrow  to  allow  natural  convection  currents  to  develop.  The  heat  then 
flows  by  conduction  through  the  two  riveted  joints  to  the  aluminum  skin.  Natural  convection 
from  both  sides  of  the  "zee"  was  considered.  In  the  region  between  the  wing  ribs,  the  heat  flows 
from  the  duct  to  the  aluminum  skin  by  natural  convection  and  radiation.  The  space  between  the 
duct  and  the  wing  was  conservatively  assumed  to  be  sealed  from  the  external  air  stream  hence  this 


•The  thickness  of  the  added  angle  was  in  most  cases  increased  during  the  subsequent  structural  analysis. 
Increased  thickness  and  conductivity  will  lower  the  temperature  of  the  inner  flange,  making  the 
analysis  as  presented  here  slightly  conservative. 
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temperature  stabilizes  at  some  value  between  the  duct  and  outer  skin  temperature.  In  the  actual 
system,  leakage  of  external  boundary  layer  into  this  space  will  definitely  exist  and  will  tend  to 
reduce  the  predicted  structural  temperatures.  The  conditions  of  the  external  air  stream  were 
specified  as  70°F  and  30  feet  per  second.  Consequently,  forced  convection  from  the  outer  skin 
to  the  air  stream  wal  considered  as  a  primary  heat  transfer  mechanism. 

On  the  basis  of  this  thermal  arrangement,  equilibrium  temperatures  of  the  wing  structure 
were  predicted  using  a  finite  difference  steady  state  computer  program  for  the  ground  idle  mode 
of  operation.  Figure  A-l  presents  these  results.  The  temperatures  shown  in  this  figure  were  then 
used  as  the  initial  temperatures  for  the  maximum  power  mode  of  operation.  This  assumed  that 
because  of  system  checkout  and  taxiing,  the  time  in  the  idle  mode  of  operation  would  be  greater 
than  the  time  required  for  the  temperatures  to  stabilize.  Figure  A-2  presents  the  predicted  tempera* 
ture  time  histories  for  some  of  the  more  critical  locations  in  the  wing  structure.  The  temperature 
of  the  lower  flange  exceeds  300°  F  after  19  seconds  in  this  condition.  Since  this  time  is  less  than 
anticipated  duration  in  this  condition,  this  structural  arrangement  must  be  modified  in  order  to 
reduce  the  Structural  temperatures. 

A  comparison  of  the  amount  of  heat  flow  to  the  aluminum  skin  indicated  that  a  consider* 
able  fraction  of  the  total  heat  flow  is  a  result  of  convection  and  radiation  to  the  aluminum  skin 
in  the  area  between  the  wing  ribs.  By  eliminating  this  heat  flow,  the  structural  temperatures  will 
be  below  the  300"F  allowable.  Employment  of  I  / 2  inch  of  6  pounds  per  cubic  foot  Dynaflex  or 
equivalent  insulation  will  satisfy  this  condition.  With  this  thermal  structural  arrangement,  even  the 
stabilized  temperatures  will  be  less  than  300°  F.  Figures  A-3  and  A-4  present  the  equilibrium 
temperatures  for  the  idle  operational  mode  and  maximum  power  operational  mode,  respectively. 

This  brief  thermal  analysis  will  probably  require  review  and  refinement  at  some  future  stage 
of  the  wing  design.  One  area  which  should  be  further  considered  is  the  wing-skin-and-doubler  in  the 
area  between  the  struts.  Also  it  may  be  desirable  to  re-examine  the  postulated  70°F  ambient  air 
temperature,  and  the  possible  necessity  of  considering  full  solar  radiation  on  the  upper  skin,  both  of 
which  depend  on  the  extent  and  nature  of  the  intended  flight  test  program. 

B.  WING  LOADS  DUE  TO  FLAP 

Installation  of  the  spanwise  wing  duct  and  propulsive  stmts  precluded  the  use  of  the  existant 
dive  brake  on  the  SGS  2-32  Sailplane.  In  order  to  provide  a  desirable  speed  control  device,  pro¬ 
visions  were  made  to  incorporate  a  plain,  unbalanced,  trailing  edge  flap  extending  from  the  wing- 
fuselage  juncture  to  just  outboard  of  the  span  of  the  propulsive  stmts  (see  Figure  A-8).  This  flap 
will  permit  low  speed  flight  (reduced  noise)  with  a  suitable  stall  margin.  In  the  deflected  position,  it 
may  produce  a  reduction  in  the  trailing  edge  noise  usually  present  with  the  stmts  blowing  over  the 
upper  surface  of  the  wing. 

The  aerodynamic  loads  introduced  on  the  wing  by  this  flap  were  estimated  by  calculating  the 
chordwise  wing  load  distribution  for  an  NACA  633618  airfoil  equipped  with  a  16  percent  chord 
(lap.  These  distributions  are  applicable  to  the  QRTV  and  include  the  effect  of  stmt  blowing  as  de¬ 
termined  by  the  information  in  Reference  (19)  for  estimating  pertinent  lift  and  angle  of  attack  rela¬ 
tionships.  The  basic  airfoil  pressure  distribution  with  the  added  loads  due  to  flap  deflection  were 
predicted  using  the  methods  contained  in  Reference  (20).  The  derivatives  of  hinge  moment  as 
functions  of  angle  of  attack  and  deflection  were  estimated  in  accordance  with  the  methods  of 
Reference  (21). 
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Figure  A-2.  Temperature  History  of  Critical  Locations  Within  QRTV  Wing  Structure 
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Two  flight  conditions  at  a  5  g  (limit)  load  factor  were  investigated.  Positive  high  angle  of 
attack  (PHAA)  was  chosen  to  be  approximately  18°  which  is  near  stall  for  the  blown  condition. 
Positive  low  angle  of  attack  (PLAA)  was  selected  to  be  that  corresponding  to  a  maximum  speed  of 
100  knots. 

Shown  in  Figure  A-5  are  pressure  distributions  of  the  basic  unflapped  airfoil  for  three  diff¬ 
erent  unities  of  attack.  Figure  A-6  presents  the  total  load  distribution  for  the  PHAA  condition  with 
.!</'  flap  deflection  Figure  A- 7  gives  the  load  distribution  for  the  PLAA  condition  with  30°  flap 
deflection. 

Table  A-l  gives  the  flight  conditions  for  which  distributions  are  calculated  and  Table  A-II 
the  hinge  moment  variation  with  flap  deflection  for  a  given  q.  including  the  flap  normal  force  at 
30*  deflection  as  determined  from  the  load  distribution. 

These  aerodynamic  loads  were  employed  in  the  structural  analysis  to  ascertain  the  structural 
integrity  of  the  modified  wing. 

TABLE  A-l .  GLIDER  FLIGHT  CONDITIONS 

• 

Weight  -  18001b 

Wing  Area  ■  1 80  sq  ft 

Flap  Span  (One  Side)  =*  1 56  inches 

Mean  Flap  Chord  *  7.4S  inches 


Flight 

Condition 

TEST 

V 

(let  > 

4 

(Ib/sq  ft) 

a 

<*t> 

PHAA 

0 

77.1 

2a  22 

18 

30 

66.5 

15.06 

18 

PLAA 

0 

98 

32.7 

11 

30 

100.8 

-- 

34.5 

2 

TABLE  A-2.  FLAP  HINGE  MOMENT  VARIATION  WITH  FLAP  DEFLECTION 


M 

n 

mm 

■s 

HMf 

Can 

Nf 

Flight  Condition 

D 

(kt) 

WSm 

mm 

*ir 

(ft-fcl 

(lb) 

PHAA 

0 

66.5 

•0.00547 

-0.0121 

•0.0985 

-7.43 

15 

66.5 

-0.00547 

-0.0121 

■0.280 

-21.1 

30 

66.5 

•0.00547 

■a4615 

•34.8 

1.2 

145.9 

45 

66.5 

-0.00547 

•0.643 

-48.5 

66.5 

-0.00547 

•0.0121 

■a8246 

•62.2 

PLAA 

■1 

100.8 

-0.00647 

-0.0086 

•aoios 

-1.88 

IS 

100.8 

-0.00547 

•0.0086 

■0.1399 

•24.2 

30 

100.8 

-0.00547 

-0.0086 

•0.268 

-46.3 

1.8 

445 

45 

100.8 

•0.00547 

•0.0088 

■13979 

•68.7 

60 

100.8 

-0.00647 

•0.0086 

0.5289 

•91.0 
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Figure  A-6.  Load  Distribution,  NACA  63,  6 1 8  Airfoil  with  Blowing  Struts,  6f  *  30°  a** 


Unflapped  Airfoil  Section  Normal  Forea  c„  -  0.76 


Flapped  Airfoil  Section  Normal  Forea  cn  •  1.46 


Figure  A-7.  Load  Distribution,  NACA  633  618  Airfoil  with  Blowing  Struts,  Sf  *  30' 
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WING  FLUTTER  CHECK 


Because  of  the  rather  extensive  modifications  necessary  to  install  the  spanwise  duct  and  trail* 
ing  edge  flap  in  the  wing  of  the  SGS  2*32  Sailplane,  a  general  check  of  the  flutter  characteristics  of 
the  resulting  configuration  was  considered  advisable.  The  results  of  this  analysis  are  summarized  in 
this  section. 

Basic  wing  data  pertinent  to  the  flutter  analysis  are: 

Span  57  ft. 

Wing  Area  180  sq  ft 

Root  Chord  «£)  57  in. 

Chord  at  Wing  Sta  16  55.2  in. 

Mean  Geometric  Chord  37.9  in. 

Tip  Chord  19  in. 

Aspect  Ratio  18.05 

From  information  contained  in  Reference  22: 

Center  of  gravity-average  axis  37  percent  chord 

Air  load  reference  axis  26.6  percent  chord 

Torsional  reference  axis  33.3  percent  chord 

From  information  contained  in  Reference  23  relative  to  vibration  modes: 

Wing  bending  mode  frequency  (sym.)  *•  37  rad/sec 
Wing  torsional  mode  frequency  (sym.)  »  232  rad/sec 

The  original  wing  weight  was  430  lb.  Parts  of  the  wing  which  must  be  removed  to  achieve 
the  installation  of  the  duct  and  flap  were  estimated  to  be  47.5  lb. 

Items  to  be  added  were  estimated  to  be: 

Duct  and  installation 
Rib  reinforcement 
Trailing  edge  flap 


Added  increment 
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For  the  purposes  of  this  check  of  wing  flutter  characteristics,  it  was  assumed  that  there  would 
be  no  change  in  the  stiffness  properties. 

The  changes  in  mass  and  inertia  of  the  wing  in  the  vicinity  of  spanwise  duct  were  estimated 
using  average  existing  wing  properties  as  a  basis. 

Wing  weight  per  fool  *  7.55  Ib/ft 

Wing  inertia  per  foot  *  6.28  lb  ft2  /ft 

Wing  section  radius  of  gyration  *  0.9 1 2  ft 

The  incremental  increase  in  these  quantities  in  the  area  of  the  spanwise  duct  as  a  result  of  the 
wing  modifications  and  installations  were  evaluated  to  be  7.44  Ib/ft  and  7.44  lb  ft2  /ft,  respectively. 
The  corresponding  new  values  for  the  modified  wing  in  the  duct  area  will  be: 

Modified  wing  weight  per  foot  *  14.99  Ib/ft 

Modified  wing  inertia  per  foot  3  14.72  lb  ft2  /ft 

Modified  wing  section  radius  of  gyration  *  0.992  ft 

The  appropriate  ratios  between  the  modified  wing  and  the  original  wing  in  the  duct  area  will 
be: 


Weight  ratio  *  1 .98 

Inertia  ratio  *  2.37 

Accordingly,  the  wing  bending  mode  frequency  will  be  reduced  to  26  rad/sec  and  the  wing 
torsional  frequency  to  150  rad/sec. 

Flutter  velocities  for  both  the  original  and  modified  wing  were  computed  using  the  approxi¬ 
mate  formula  derived  in  Reference  24  for  this  wing  with  the  reference  section  at  wing  station  214  and 
a  reference  chord  of  2.7  feet. 


u*  Polo  I  <d,k2  +5X2)y  +  4d3d,Xk1 


where: 


Symbol 

Definition 

Original 

Wing 

Modified 

Wing 

«J| 

|  Constants  dependant  on  taper  ratio  and  evaluated  from 

1.4 

1.4 

<J3 

/  Reference  22. 

1.S 

1.5 

J 

ass 

ass 

mr 

Mesa  per  foot  run  (sfuge/ft) 

a234 

0.466 

k 

Radius  of  gyration  *  reference  chord 

0.338 

0.367 

X 

Distance  of  c.g.  aft  of  torsional  axis  *  reference  chord 

0.037 

0.081 

V 

Distance  of  air  load  forward  of  torsional  axis*  reference 
chord 

0.067 

0.067 

M, 

Wing  torsional  frequency  (rad/sec) 

23? 

ISO 

Uj 

Wing  bending  frequency  (rad/sec) 

37 

26 

'a 

Nondimensional  lift  derivative 

2.2 

2.2 

V 

Flutter  velocity  (ft/sec) 

1360 

1060 

Results  of  this  study  indicate  a  23  percent  reduction  in  flutter  speed  of  the  modified  wing 
from  the  original  sailplane  wing.  They  also  confirm  the  high  flutter  speed  (1300  fps)  implied  in 
Reference  23  which  considered  investigations  of  the  wing  tonion/bending  flutter  unnecessary  due  to  the 
large  separation  between  the  wing  bending  and  torsional  frequencies.  In  the  case  of  the  modified 
wing,  the  modal  frequencies  have  been  estimated  to  reduce  such  that  they  will  remain  well  separated. 

Summarizing  the  results  of  this  study  together  with  the  restrictions  anticipated  in  the  flight 
envelope,  no  wing  flutter  problems  for  the  modified  sailplane  are  invisioned. 

A  brief  consideration  of  the  flap  dynamic  stability  indicated  that  the  flap  will  have  similar 
mass  and  stiffness  properties  to  that  of  the  ailerons  except  for  control  surface  stiffness,  which  will 
be  higher  for  the  flap.  Hence,  the  modal  frequencies  of  the  flap  will  be  higher  than  the  first  and 
second  wing  symmetric  bending  modal  frequencies.  Because  the  flap  actuator  is  located  at  the  in¬ 
board  end  only,  mass  balancing  may  be  required  to  prevent  inertial  coupling  with  the  wing  torsion 
modes.  Also,  ground  tests  may  be  required  to  check  flap  torsional  modal  frequencies,  circuit  stiff¬ 
ness  and  backlash. 
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D.  DESIGN  LOAD  FACTORS 

For  wing  bending  and  torsion,  the  design  stress  levels  in  wing  spars  and  skin  were  taken  to 
be  the  same  as  for  the  unmodified  aircraft.  For  these  loads,  the  design  load  factors  for  the  modified 
aircraft  were  taken  to  be  those  of  the  unmodified  aircraft  divided  by  the  ratio  of  the  gross  weights, 
(1770/1340)*  1.32.  The  ultimate  load  factor  is  therefore  (8.25)/ 1.32  *  6.25g,  and  the  limit  load 
factor  would  traditionally  be  taken  as  6.25/1 .5  *  4.l6g.  (If  due  to  subsequent  changes  the  gross 
weight  should  increase,  these  load  factors  would  decrease  further.) 

The  gross-weight  ratio  gives  a  slightly  conservative  estimate  since  it  assumes  that  the  distri¬ 
bution  of  weight  between  wings  and  fuselage  is  the  same  for  both  modified  and  unmodified  aircraft. 
Since  proportionately  more  weight  has  really  been  added  to  the  wings  than  to  the  fuselage,  the  wing 
bending  loads  will  be  slightly  lower  than  indicated  by  the  ratio  of  gross  weights.  On  the  other  hand, 
that  portion  of  the  aerodynamic  load  which  is  carried  by  the  flap  is  now  applied  to  the  wing  structure 
as  point  loads  at  the  hinges,  rather  than  as  distributed  loads.  This  causes  local  bending  and  torsion 
stresses  which  could  be  slightly  larger  than  in  the  unmodified  wing.  It  is  concluded  that  the  simple 
calculation  of  load  factors  based  on  gross  weight  ratio  is  adequate. 

The  bending  and  torsion  load  factors  define  the  requirements  for  the  wing  spars  and  skins. 

The  loads  which  define  the  strength  requirements  of  the  modified  wing  ribs,  on  the  other  hand,  are 
aerodynamic  loads  and  flap  loads,  which  are  considerably  different  from  those  of  the  unmodified  wing. 

The  design  loads  for  the  wing  ribs  are  based  on  a  symmetrical  aerodynamic  load  of  5g  at  1800 
lb  gross  weight.  The  structure  of  the  ribs  is  designed  for  1 .5  times  these  loads,  corresponding  to  an 
ultimate  load  factor  of  7.5g.  For  different  gross  weights,  this  factor  should  be  divided  by  (gross  weight/ 
1800  lb).  Since  this  ultimate  load  factor  is  larger  than  that  of  wing  bending,  the  lower  value  should 
govern. 


The  factor  of  safety  of  1.5  between  the  ultimate  load  and  the  limit  load,  is  used  throughout 
the  aircraft  industry,  by  specification,  with  the  tacit  or  explicit  expectation  that  the  structure  will  be 
proven  by  a  static  structural  test  to  ultimate  load.  At  ultimate  loads,  permanent  deflection  and  yielding 
are  permitted  and  expected.  In  the  present  case,  it  would  be  uneconomic  to  conduct  such  a  (destructive) 
test  on  a  modified  wing.  As  an  alternative,  it  is  recommended  that  a  factor  of  2  between  ultimate  and 
limit  loads  be  used.  It  is  felt  that  this  will  be  an  adequate  allowance  for  any  inadvertent  discrepancies 
between  the  analysis  and  the  hardware  due  to  material,  workmanship  or  approximations  used  in  the 
loads  or  the  analysis.  The  use  of  a  factor  of  2  for  ultimate-to-limit  loads  has  been  used  in  lieu  of  static 
testing  for  a  number  of  cases  in  prototype  aircraft  by  the  Air  Force. 

Using  this  factor,  the  limit  load  factor  for  the  modified  wing  is  (6.25/2)  =  3.22g,  at  1 770  lb  gross 

weight.  At  other  gross  weights,  the  limit  load  factor  for  the  wing  will  be  3.22(  - — — — —-^g. 

*  \gross  weight/ 

This  load  factor  is  only  one  of  the  loads  needed  to  define  the  operating  envelope  of  the  aircraft. 
Other  operating  limits  may  exist  due  to  wing  or  tail  loads  due  to  maneuvering  or  gusts,  landing  vertical 
velocity,  etc.  At  the  time  the  aircraft  is  constructed,  a  separate  report  on  operating  limits  must  be  pre¬ 
pared  in  order  to  describe  the  limits  within  which  test  flying  must  be  conducted.  At  the  time  of  prepa¬ 
ration  of  the  operating  limits  report,  formal  approval  of  the  factor  to  be  used  between  ultimate  load  and 
limit  load  should  be  approved  by  the  agency  responsible  for  the  flight  test. 
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II.  WING  DESIGN  MODIFICATION 


The  actual  modifications  to  the  SGS  2*32  wing  for  installation  of  the  spanwise  duct  and 
trailing  edge  flap  will  be  achieved  in  several  sequential  steps : 

•  Deactivation  of  the  existing  dive  brake. 

•  Installation  of  the  trailing  edge  flap  and  actuation  system. 

•  Removal  of  a  portion  of  the  wing  upper  skin  between  spars  over  the  space  occupied 
by  the  duct, 

•  Remove  the  material  in  those  ribs  necessary  to  provide  clearance  for  the  duct, 

•  Installation  of  the  duct, 

•  Replacement  of  rib  structure  with  added  doublers,  and 

•  Replacement  of  skin  with  strut  clearance  holes,  doublers,  and  flexible  seal. 

Figure  A-8  depicts  the  general  layout  of  the  spanwise  duct  and  trailing  edge  flap  in  the  left 
panel  of  the  Schweizer  2-32  Sailplane  wing.  The  duct  location  will  preclude  the  use  of  the  existing 
dive  brake,  which  must  either  be  removed  or  securely  fastened  down  for  the  QRTV  configuration. 
The  actuation  system  for  this  dive  brake  must  be  disconnected. 

The  trailing  edge  flap  will  replace  the  dive  brake  as  a  speed  control  device,  and  may  also 
serve  to  reduce  trailing  edge  noise  in  the  deflected  position.  While  detailed  design  of  the  flap  and 
actuation  system  was  beyond  the  scope  of  this  task,  certain  aspects  of  the  design  were  considered 
to  establish  design  of  the  wing  modifications.  As  can  be  seen  in  Figure  A-8,  the  flap  is  made  up  of 
two  sections  -  one  extending  from  the  wing-fuselage  juncture  to  wing  station  79.5.  and  the  other 
from  this  station  to  wing  station  1 72.  This  division  of  the  flap  evolved  from  evaluation  of  the  wing 
bending  deflection  under  air  load.  With  a  single  flap  section  hinged  at  each  end,  the  gap  at  the  mid¬ 
span  of  the  flap  would  have  become  excessive  as  the  wing  deflected.  Placing  a  hinge  at  the  midpoint 
would  have  introduced  binding  in  one  or  more  of  the  flap  hinges.  Dividing  the  flap  in  two  appro¬ 
priate  sections  with  hinges  at  the  ends  of  each  section  will  produce  minimal  gaps  along  the  flap 
leading  edge  as  the  wing  deflects.  Pinning  the  two  flap  segments  together  at  the  trailing  edge  will 
tie  them  together  and  permit  actuation  of  the  flap  by  means  of  a  bell  crank  system  with  the  fuselage. 
Actuation  of  the  flap  in  this  way  will  produce  some  windup  in  the  flap  along  its  span.  A  brief  check 
indicated  the  degree  of  windup  will  not  be  excessive.  Incorporation  of  a  curtain  type  seal  in  the 
flap-wing  gap  will  provide  suitable  flap  effectiveness. 

To  install  the  spanwise  duct  within  the  wing,  it  will  be  necessary  to  remove  the  upper  wing 
skin  between  the  two  main  spars  from  the  wing-body  juncture  to  approximately  wing  station  1 72. 
This  will  be  accomplished  by  drilling  out  the  flush  head  rivets  which  attach  the  skin  to  the  wing 
structure. 

With  this  portion  of  the  wing  skin  removed,  the  interior  of  the  wing  will  be  accessible  which 
will  permit  cutting  through  the  rib  caps  and  cutting  out  that  portion  of  the  rib  webs  necessary  to 
clear  the  duct  cross-sectional  shape.  A  typical  wing  duct  section  is  shown  in  Figure  A-9.  This 
figure  also  shows  the  general  construction  of  the  wing  duct  of  formed  and  welded  titanium  sheet 
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Figure  A-9.  Typical  Wing  Duct  Section 


with  the  titanium  “Z"  sections  which  serve  as  duct  wall  stiffeners  as  well  as  standoffs  for  the  porous 
stainless  steel  acoustic  liner.  The  titanium  angles  welded  to  the  top  of  the  fore  and  aft  duct  walls 
provide  a  means  of  attaching  the  removable  backup  plate  through  which  the  propulsive  struts 
protrude. 

Figure  A*  10  depicts  a  typical  wing  rib  as  modified  to  accommodate  the  spanwise  duct.  Each 
duct  section  is  attached  to  the  wing  structure  by  a  kinematic  suspension  which  provides  freedom 
for  differential  expansion  of  the  ducting  with  respect  to  the  wing,  while  restraining  the  duct  in  six 
degrees  of  freedom.  This  suspension  system  is  designed  to  absorb  duct  thrust  and  pressure  loads, 
permitting  normal  wing  bending  without  introducing  loads  into  the  duct  or  wing,  and  isolating  duct 
vibration  from  the  wing  structure  for  acoustic  attenuation. 

Before  installing  the  duct,  reinforcing  flanged  doublers  will  be  riveted  to  the  fore  and  aft 
ends  of  the  rib.  The  lower  rib  cap,  which  comprises  a  flange  on  the  remainder  of  the  rib  web.  will 
be  stiffened  by  means  of  a  formed  aluminum  angle.  After  duct  installation,  the  upper  rib  will  be 
installed  together  with  a  formed  aluminum  stiffener  which  will  extend  fore  and  aft  of  the  cut  out 
section  and  be  riveted  to  the  doubler  plates. 

The  wing  upper  skin  will  be  replaced  by  a  sheet  of  the  same  gage  as  the  original,  but  per¬ 
forated  with  clearance  holes  for  the  propulsive  struts.  A  doubler  plate  similarity  perforated  will  be 
riveted  to  the  underside  of  the  skin  to  maintain  skin  shear  stsength.  Before  attaching  this  doubler, 
a  thin  elastomeric  sheet,  slotted  to  the  same  pattern  as  the  strut  array,  will  be  adhered  to  both  the 
underside  of  the  skin  and  the  upper  surface  of  the  doubler  plate.  This  sheet  will  provide  a  seal 
around  each  strut  to  keep  moisture  and  dirt  out  of  the  wing  interior.  The  skin  will  be  installed 
by  sliding  it  down  over  the  struts  and  fastening  it  in  place.  The  resulting  overall  arrangement  of 
this  unique  quiet  jet  propulsion  system  is  shown  schematically  in  Figure  A-l  1 . 
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III.  STRUCTURAL  ANALYSIS 


The  Schweizer  SGS  2-32  sailplane  wing  requires  structural  changes  to  accommodate  installa¬ 
tion  of  the  wing  duct  which  provides  the  mixed  exhaust  gas  from  the  Williams  Research  Corporation 
WR-19  turbofan  engine  to  an  arrangement  of  microjet  thrusting  struts  on  the  wing  upper  surface. 
Structural  changes  required  include  (a)  a  new  root  rib  at  wing  station  18.75  to  accommodate  the 
exhaust  duct  transition  section,  (b)  new  wing  ribs  at  ail  other  rib  stations  aft  of  the  main  spar  in  the 
region  of  the  spanwise  wing  ducts,  (c)  addition  of  local  support  points  on  the  ribs  for  the  spanwise 
wing  duct,  (d)  addition  of  local  doublers  to  reinforce  the  cutouts  in  the  upper  wing  skin  for  the 
microjet  thrusting  struts. 

The  installation  requires  the  riveting  of  the  aerodynamic  spoiler  to  make  it  inoperative.  A 
trailing  edge  flap  is  added  aft  of  the  rear  spar.  Each  flap  section  is  supported  on  two  hinges  at  wing 
stations  27.0  and  72.0  for  the  inboard  flap  and  at  wing  stations  87.0  and  1 54.0  for  the  outboard  flap. 
Ribs  at  these  wing  stations  provide  local  support  points  for  the  flap  hinge  brackets. 

Basically,  the  strength  of  the  upper  wing  skin  is  maintained  by  doubler  reinforcement  around 
the  cutouts  for  the  struts.  Each  rib  aft  of  the  main  spar  outboard  to  wing  station  166  is  completely 
redesigned.  The  flexural  and  torsional  characteristics  of  the  wing  are  not  affected.  The  redesigned 
ribs  distribute  the  local  aerodynamic  airload  pressures,  inertia  loads  from  the  wing  ducts,  and  flap 
hinge  loads  into  the  wing  while  maintaining  the  airfoil  shape.  Internal  loads  distribution  in  the  wing 
main  spar,  upper  and  lower  skin  surfaces,  rear  spar,  and  root  rib  is  assumed  to  be  same  as  used  in 
Reference  (25).  \ 

Both  the  trailing  edge  flap  and  wing  ducts  are  installed  such  that  the  wing  is  unrestrained  in 
flexure  and  torsion.  The  clearances  required  are  obtained  from  the  static  test  deflection  curves  ob¬ 
tained  from  Reference  (26).  Thermally,  the  adjacent  wing  structure  heats  to  various  temperatures 
depending  on  operating  conditions.  Proper  accounting  due  to  reduced  mechanical  properties  at 
temperatures  are  included  in  the  analysis.  The  pertinent  critical  loading  conditions,  loads,  deflections, 
internal  stresses  and  strength  margins  of  safety  are  summarized  in  this  section. 

A.  CRITICAL  DESIGN  CONDITIONS  AND  LOADS 

The  structural  design  criteria  established  in  Section  I.D.  of  this  report  were  used.  The 
critical  design  conditions  for  each  major  structural  element  of  the  wing  modification  are  summarized 
in  Table  A-3. 

The  applied  wing  airload  pressures,  wing  root  attachment  loads  and  wing  skin  shear  flows  are 
obtained  from  Reference  ( 25).  External  airloads  and  consequent  hinge  moments  for  the  trailing  edge 
flap  at  various  angular  settings  are  obtained  from  Section  I.B.  of  this  Appendix. 

The  airload  pressures  and  trailing  edge  flap  loads  are  distributed  into  the  wing  box  beam  by 
the  ribs.  The  method  of  reacting  the  running  rib  load  due  to  the  airload  pressures  is  shown  on 
Figure  A-l  2  and  due  to  the  trailing  edge  flap  hinge  load  in  Figure  A-)  3.  The  trailing  edge  flap  loads 
are  identified  on  Figure  A-l 4  and  shown  in  Table  A-4.  The  design  loads  for  the  root  attachment 
rib  at  wing  station  18.75  are  shown  in  Figure  A-l  5.  The  internal  rib  load  distribution  (i.e.,  shear, 
axial  load  and  bending  moment)  are  presented  with  the  strength  analysis  in  Section  C  of  this. 
Appendix. 
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TABLE  A-3 

SUMMARY  OF  CRITICAL  DESIGN  CONDITIONS  FOR  THE  WING  MODIFICATION 


Structural 

Element 

Condition 

No. 

OaaaHptioM 

Wing  Ribs 

w-t 

Airload*  obtained  from  Reference  25,  page*  57  throw#!  60  reacted  a* 
shown  on  Figure  A- 12.  Typical  for  ail  rib*. 

W-2 

Hinge  load*  from  the  trading  edge  flap  a*  presented  in  Figure  A-14  and 
Table  A-4  reacted  a*  shown  in  Figure  A-13. 

RotM  Rib  at  Wing 

Sta.  18.75 

W-3 

Wing  attachment  load*  obtained  from  Reference  25,  page  51  a*  shown 
in  Figure  A-15. 

Wing  Skin 

W-4 

Upper  skin  surface  shear  Row*  obtained  from  Reference  25  on  pages 

39  and  40. 

TABLE  A-4 

SUMMARY  OF  TRAILING  EDGE  FLAP  LIMIT  LOADS 


Loader 

I^^Rrimsl 

Flap  SettinglDagreae 

30° 

0° 

Hinge  Moment 

(in-lb) 

1357.2 

400.4 

Oi 

(Ibfln) 

2.13 

2.02 

qm 

(Ib/inl 

130 

1.70 

(lb/in) 

1.29 

1.23 

R. 

(lb) 

158  37 

53.10 

«t 

(lb) 

105.29 

42.08 

R* 

(lb) 

183.63 

67.69 

R. 

(lb) 

308.63 

110.65 

R* 

(lb) 

79.72 

25.74 

R* 

(lb) 

226.20 

83.23 

PA 

(lb) 

226.20 

83.23 

Sign  Convention  Positive  up  normal  to  the  chord. 


+  1*^  and  ♦  Kh  -  As  shown  in  Figure  A-14  and  in  the  fore  and  aft  direction. 
+  Hinge  Moment  -  Airload  moves  trailing  edge  up. 
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rult 


181.32  lb  (W  -  7.144  lb/ia) 


R*P 

Hin«« 


Q. 

F.S. 

33-1/3%  C 


R.S. 
80%  C 


Assume  Pu|t  to  b*  uniformly  distributed  between  the  forward  and  aft  span.  Also  assume  the  rib 
between  the  span  is  cantilevered  off  the  forward  spar. 

Distance  between  main  span  *  (0.80  •  0.3331  54.0  -  25.2  inches 

NOTE:  Forward  spar  is  at  33-1/3%  C 

Rear  spar  is  at  80%  C 
Chord  Length  »  54.0  inches 

Wing  loading  (applied)  •  7.444  psf 

Limit  load  factor  -  5.25  g 

Ultimate  load  factor  -  5.25  *  1.6  *  8.25  g 

Rib  spacing  at  rib  stations  18.75  to  27  »  8.25  in. 

27  to  34.5  -  7.60  in. 

8.25  +  7.50 

Average  rib  spacing  at  Station  27  »  -  -  *  7.875  inches 

7.444  (8.25) 

p.,ir  "  - (54)  (7.875)  -  181.321b 

ult  144 

*  7.144  Ib/ineh  (ult) 


Wing  Station  27  Rib  (Inboard  Flap  Hinge  Support  Rib)  -  Typical  Rib  Loading 
Due  to  Airloads  at  All  Stiffening  Ribs 


181.32 
Wult  "  25.38 

Figure  A- 1 2. 
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q,  Reacting  skin  shear  flows  to  the  hinge  loed  cordwise  component 

qg  Reacting  mein  sper  web  sheer  flow  to  hinge  loed  verticil  component 

Rg  Reacting  loed  it  mein  sper  to  belence  rib 


Figure  A-l  3.  Wing  Station  27  Rib  (Inboard  Rap  Hinge  Support  Rib)  •  Typical  Rib  Loading 
Due  to  Rap  Loads  at  Flap  Hinge  Support  Ribs 
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Flap  C  ■  6.4  in. 
(Outboard) 


The  method  used  for  reacting  the  externally  applied  loads  on  the  modified  ribs  is  the  same  as 
the  analysis  used  in  Reference  (25)  for  the  existing  ribs.  The  method  is  shown  to  be  conservative  by 
the  following  analysis:  The  SGS  2-32  wing  in  the  outboard  stations  is  a  two-cell  box  beam  with  a 
main  spar  at  33-1/3  percent  of  the  chord  and  a  rear  spar  at  80  percent  of  the  chord  that  reacts  trailing 
edge  loads  witli  skin  and  rear  spar  shear  flows  aft  of  the  main  spar.  Reacting  shear  flows,  calculated 
for  a  unit  trailing  edge  flap  hinge  load  of  1 00  lbs.,  in  the  wing  skins  and  spars  are  shown  in  Figure 
A- 1 6.  The  analysis  verifies  the  elastic  axis  location  stated  in  Reference  (25)  as  being  practically  on 
the  main  spar.  Wing  airload  pressures  to  be  distributed  into  the  wing  by  each  rib  are  similarly  reacted. 
Therefore,  the  simplified  analysis  method  used  in  Reference  (25)  is  verified  and  was  used  for  the  re¬ 
mainder  of  the  rib  analyses. 

B.  WING  DEFLECTIONS  AND  CLEARANCES 

The  trailing  edge  flaps  and  spanwise  wing  ducts  are  installed  in  each  wing  in  a  determinate 
attachment  arrangement.  Vertical  wing  deflections  are  not  restrained.  Proper  clearances,  however, 
are  required  to  prevent  interference.  Vertical  deflections  of  the  wing  trailing  and  leading  edges  were 
measured  during  static  test  for  the  critical  flight  conditions  as  reported  in  Reference  (26).  These 
deflections  are  summarized  in  Table  A-5  and  plotted  in  Figure  A-l  7.  Each  flap  or  duct  section  will 
span  as  a  straight  line  between  each  of  its  respective  attachment  points.  In  the  case  of  the  trailing 
edge  flap,  a  clearance  greater  than  0.250  inch  is  needed  as  shown  in  Figure  A-l  7.  For  a  duct  section, 
a  clearance  greater  than  0. 100  inch  was  established. 

C.  STRENGTH  ANALYSIS 

All  the  ribs  are  reinforced  between  wing  stations  18.75  to  154.0  because  of  the  cutout  re¬ 
quired  for  the  wing  duct  installation.  Each  rib  is  reinforced  in  a  similar  manner.  The  most  critical 
ribs  are  at  the  root  for  both  wing  stations  18.75  and  27.0,  at  the  outboard  hinge  of  the  inboard  flap 
at  wing  station  72.0  and  at  the  most  outboard  hinge  of  the  outboard  flap  at  wing  station  1 54.0. 
Analysis  is  presented  in  this  section  for  these  critical  ribs.  The  root  rib  at  wing  station  1 8.75  requires 
reinforcing  for  the  large  cutout  created  by  the  engine  exhaust  duct  transition  section. 

Each  rib  is  analyzed  as  a  redundant  frame  type  structure  using  conventional  methods.  The 
internal  load  distributions  are  calculated  and  the  margins  of  safety  for  strength  are  determined. 

The  structural  reinforcement  consists  of  cutting  the  existing  rib  to  clear  the  wing  duct,  then 
riveting  in  the  formed  sheet  metal  stiffening  members  that  are  required.  These  consist  of  2024-T3 
Alclad-aluminum  alloy  formed  channels  along  the  main  and  rear  spars  and  2024-T3  Alclad-aluminum 
alloy  formed  angles  along  the-upper  and  lower  skin  surfaces.  For  the  rib  at  wing  station  18.75, 

7075  aluminum  alloy  is  used.  The  angles  overlap  the  channels  to  provide  for  load  interchange 
around  the  edges  of  the  cutout.  At  the  rear  spar,  an  additional  formed  2024-T3  Alclad-aluminum 
alloy  angle  is  placed  along  the  web  of  the  rear  spar  and  the  lower  skin  surface  for  added  support  for 
each  flap  hinge  fitting. 
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TABLE  A-5 

VERTICAL  WING  DEFLECTIONS  AT  100%  UNIT  LOAD 


Sato 

Na 

RMit  Condition  1 

— 

Flight  Condition  III 

Hirftt  Condition  IV 

4 

17 

3.31  -  3.28  -  0.03  in. 

5.88  •  5.80  -  0.08  in. 

5.06  -4.93  -  0.12  in. 

6 

109 

7.83-4.91  -2.92  in. 

4.85  •  2.27  -  2.58  in. 

7.96  -  5.86  -  2.12  in. 

8 

202  L.E. 

12.10-3.21  -8.89  in. 

11.18  -  3.27  -  7.89  in. 

12.64  -  6.09  -  6.53  in. 

10 

270 

17.97-3.62-  14.35  in. 

18.87  -  4.67  -12.30  in. 

14.68  -  3.18-  11.70  in. 

12 

342 

23.85  -  0.88  -  22.79  in. 

23.25  - 3.96 -19.30  in. 

24.27  •  6.80  -  17.47  in. 

5 

17 

2.42  -  2.39  •  0.03  in. 

4.56  -4.58-0  in. 

3.80  -  3.85  -  0.05  in. 

7 

109 

12.77-9.87-2.90  in. 

11.50  -  9.10  -  2.40  in. 

9.22  -  7.69-  1.53  in. 

9 

202  T.E. 

11.88  -  2.95  -  8.93  in. 

13.29  -  5.91  -7.38  in. 

11.88-8.15-5.71  in. 

11 

270 

17.24-3.09-  14.15  in. 

15.87-3.94-  11.93  in. 

13.18  -  2.28-10.90  in. 

f 

t 

i 

i 


I 


> 


Condition  IV  T.E. 


Training  Edge  Flap 


149 


1.  Root  Rib  at  Wing  Station  18.7S 


The  critical  loading  condition  it  Condition  W-3  with  applied  loads  shown  in 
Figure  A- 1 5  The  frame  it  idealized  at  a  series  of  finite  elements.  The  design  internal  shear,  axial  load 
and  bending  moment  variation  is  shown  in  Figure  A-18.  The  critical  sections  are  analyzed  for  the 
minimum  margins  of  safety  as  follows: 


Section  at  Element  8 


A  •  0.2876  in.1 
I  -  0.0192  in.* 
Tamp-  160*F 


Axial  Load  »  -21001b 
Moment  *  1 1 1 5  in.-lb 


Ref.  Figure  A-18 


f 


-2100  1115(0.561) 

0.2875  "  0.0192 


-7300  -  32,500 


-40,800  psi 


b 

7 


0.669 

0.063 


10.62 


42,500  psi  Ref  (8)  7075-T6  Aluminum  Alloy 


M.S.  ■ 


42.500 

40,800 


+0.042 


Shear  Transfer  from  Angle  to  Web 


Angle:  Flange  Force 

Web  Force 
Total  Angle  Force 

6  Rivets  (forea/rivati 


40,800  (0.063)  (0.70) 

1/2  (40,800)  (0.063)  (0.561) 
2520  lb  (Ultimate) 

4201b 


1799 

721 


Allowable  for  5/16  in.  Diameter  Rivet  in  Shear  3  596  lb 
M.S.  -  -HI  -  I  *  «.« 
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Section  at  Element  10 


2.  Intermediate  Rib  at  Wing  Station  72.0 

The  rib  at  wing  station  72.0  is  the  most  highly  loaded  rib.  The  critical  loading  condi¬ 
tion  is  a  combination  of  conditions  W-l  and  W-2  as  shown  in  Figures  A- 1 2  and  A-13.  The  idealized 
frame  of  finite  elements;  applied  loads;  and  internal  shear,  axial  load  and  bending  moment  variation 
is  shown  in  Figures  A- 19  and  A-20.  The  critical  section  is  analyzed  for  the  minimum  margin  of  safety 
as  follows: 

Section  at  Element  8 


152 


202.6  lb 


Figure  A-19.  Internal  Rib  Ultimate  Loads  (Wing  Station  72.0,  Condition:  W-l ) 


Internal  Rib  Ultima tr  Loads  (Wing  Station  72.0  Condition 


Axial  Load 
Moment 


Ref.  Figures  Arl9  and  Ar20 


-  1,0901b  , 

-  -900  in.  lb 

1090  900(0362) 

'(skin)  “  a  158  0.01737 


t 


17,000  psi  (Ultimate) 


0.625  -  0.016  _ 

-  *12.7  a 

0.032  +  0.016  F 


28,500  psi  (at  80°F) 

Ref.  (4)  2024-T3  Aluminum  Alloy 


Temperature  Factor  for  150°F,  2024-T3  Aluminum  Alloy  *  0.96 


a  (150°F) 
F 

MS. 


»  0.96(28,500) 
27.400  . 

T7!000  “  1 


27,400  psi  (Ultimate) 
+0.61 


3.  Other  Wing  Ribs 


The  strength  of  all  the  other  ribs  is  based  on  a  comparison  with  the  analysis  presented 
for  the  rib  at  wing  station  72.0.  Ribs  at  wing  stations  27, 87,  and  154  also  provide  support  for  a 
trailing  edge  flap  hinge.  For  the  other  lightly  loaded  ribs,  the  thickness  of  the  reinforcement  is 
reduced  from  0.063  to  0.050  inch.  The  other  ribs  are  nearly  identical  in  construction  with  loadings 
lower  than  for  wing  station  72. 0.  Therefore,  all  the  other  ribs  are  considered  structurally  adequate. 


4.  Wing  Skin 


Cutouts  are  required  in  the  upper  wing  skin  where  the  struts  are  located  above  the  wing 
ducts.  The  structural  approach  taken  is  that  a  0. 1 00  inch  thick  2024-T3  aluminum  alloy  will  be 
bonded  to  the  0.032  inch  thick  skin  to  provide  sufficient  strength  to  cany  the  applied  ultimate 
shear  flow.  This  approach  assures  no  change  in  the  basic  wing  structure  which  consists  of  a  2-cell 
box  beam.  Some  stiffening  will  occur  in  the  region  of  the  cutout  with  some  tendency  of  the 
doubler-skin  combination  to  resist  wing  bending  moment.  This  will  be  minimal  since  the  material 
is  located  close  to  the  wing  section  neutral  axis. 


In  carrying  shear  loads  across  cutouts,  the  doubler-skin  combination  provides  effective 
truss  load  paths  between  the  cutouts.  Allowables  are  based  on  buckling  of  the  doubler-skin  where 
compressive  loadings  occur.  To  verify  the  structural  adequacy  and  design,  an  element  shear  test  is 
recommended  for  this  element.  Standard  shear  load  fixtures  are  available  in  the  Bell  Aerospace 
general  laboratories  for  conducting  a  test  on  a  representative  section  of  the  doubler  reinforced  skin. 
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APPENDIX  B 

HOT  TEST  OF  A  PRODUCTION  STRUT 


INTRODUCTION  AND  SUMMARY  * 

The  purpose  of  this  test  was  to  verify  that  the  quiet  propulsion  struts  (BAC  drawing  No. 
7389430065)  as  manufactured  in  production  are  structurally  adequate  for  use  on  a  test  aircraft. 

The  criteria  for  structural  adequacy  were  established  as:  ability  to  withstand  takeoff 
temperature  and  1.33  times  takeoff  pressure  for  repeated  cycles  without  excessive  growth  (limit 
load),  plus  ability  to  withstand  takeoff  temperature  and  2  times  takeoff  pressure  without  pulling 
out  the  rivet  (ultimate  load).  (Even  opening  of  a  rivet  hole  would  not  affect  flight  safety,  since 
opening  of  ail  of  the  rivets  would  only  result  in  some  thrust  loss  due  to  leakage,  not  flameout  of 
the  engine;  the  increase  in  drag  due  to  swelling  of  all  the  struts  after  rivet  pulling  could  increase 
drag  by  up  to  30%,  but  this  is  well  within  the  capability  of  the  engine  even  with  the  increased 
nozzle  area.) 

After  an  initial  failure,  it  was  found  that  the  rivets  (used  as  tension  posts)  had  not  been 
upset  properly.  After  some  investigation  of  possible  repairs,  it  was  determined  that  the  rivet  could 
be  replaced  and  properly  upset,  using  “w-condition”  (“as  quenched”  or  “ice  box”)  rivets.  The  test 
part  was  repaired  using  this  technique  and  successfully  passed  the  tests,  plus  an  additional  3-hour 
‘creep’  test  at  takeoff  temperature  and  pressure.  All  of  the  production  struts  were  reworked  using 
the  proven  repair  technique. 

TEST  ARTICLE 

The  test  article  was  a  production  strut.  For  this  test,  the  strut  was  welded  to  a  test  seal 
plate  similar  to  the  seal-plate  to  be  used  for  multi-strut  flight  articles.  The  hole  in  the  seal  plate  was 
made  large  enough  to  pass  the  largest  production  strut.  The  strut  used  was  the  smallest  of  approxi¬ 
mately  a  dozen  random  samples  of  the  production  run.  The  weld  was  made  in  the  same  manner 
proposed  for  flight  articles.  A  small  leak  (insignificant  from  propulsion  or  acoustic  criteria) 
occurred  at  the  strut  leading  edge.  It  is  believed  that  this  can  be  eliminated  in  production  by  a 
slight  revision  in  the  weld  technique.  A  pretest  photo  of  the  test  strut  is  shown  in  Figure  B-l. 

To  permit  static  testing,  the  nozzles  were  plugged  with  a  flexible  elastomer.  This  permitted 
testing  in  a  small  closed  oven.  The  resultant  static  loading  is  conservative  (higher  than  the  actual 
flight  load)  since  the  elastomer  transmitted  hydrostatic  loads,  while  flow  would  reduce  pressures 
in  the  vicinity  of  the  nozzles.  The  temperature  of  the  metal  in  the  oven  was  set  equal  to  the  pre¬ 
dicted  exhaust-gas  stagnation  temperature.  This  is  also  conservative,  since  with  the  hot  gas  on  the 
inside  and  ambient  slip-stream  flow  on  the  outside,  the  metal  temperature  at  takeoff  has  been  cal¬ 
culated  to  be  at  least  50°  F  cooler  than  the  internal  gas  temperature. 

After  initial  failure  of  the  rivet,  a  repair  technique  was  established,  consisting  of  drilling 
out  the  old  rivet  to  accept  a  larger  diameter  soft  rivet.  When  this  repair  was  made  to  the  test  part, 
the  hole  was  drilled  off-center  to  the  extent  that  half  of  the  formed  head  of  the  old  rivet  was  not 
removed;  the  resulting  formed  head  of  the  new  rivet  had  to  be  spread  to  fill  both  the  old  and  new 
countersinks.  This  represented  a  ‘worst  case’  for  the  repair  technique,  since  any  less  desirable 
repair  would  require  scrapping  of  the  strut.  If  this  strut  passed  the  relatively  severe  hot  pressure 
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Figure  B-l.  Test  Strut  in  Test  Setup 


tests,  it  was  felt  that  the  repaired  production  struts  would  indeed  be  flightworthy.  The  test  part 
was  assembled  to  a  small  plenum  chamber  with  an  asbestos  gasket  and  a  backup  plate  simulating  the 
flight  strut  assembly. 

TEST  APPARATUS  AND  PROCEDURE 

A  thermostatically  controlled  electric  oven  was  used.  The  oven  contained  a  fan  which  forced 
hot  air  over  the  test  part  to  ensure  uniform  temperature.  Temperature  of  the  strut  metal  was  moni¬ 
tored  by  a  chromel-alumel  thermocouple  close  to  the  base  of  the  strut  (slowest  to  heat  up).  The 
specified  temperature  was  maintained  1 10°F.  Pressure  (dry  nitrogen)  was  supplied  to  the  plenum 
chamber  through  a  precision  regulator  valve;  the  leakage  through  the  asbestos  gasket  was  such  that 
a  continuous  flow  was  required.  Plenum  pressure  was  monitored  through  a  separate  line  to  ensure 
that  no  line-pressure  drops  occurred.  The  pressure  meter  was  a  Heise  precision  gage,  0-60  psig, 
accurate  to  less  than  0. 1  psig.  Specified  pressures  were  maintained  *0. 1  psig. 

The  test  procedure  consisted  of  repeated  pressure  cycling  tests  at  a  series  of  fixed  tempera¬ 
tures.  Each  pressure  cycle  consisted  of  increasing  pressure  gradually  from  zero  to  the  test  level  in 
about  one  minute,  hold  at  test  level  for  one  minute,  and  decrease  to  zero  in  another  minute.  Strut 
thickness  was  measured  at  three  locations  away  from  the  rivet  heads  with  a  micrometer  or  a  micro¬ 
meter  caliper  before  and  after  each  series  of  pressure  cycles,  with  the  strut  at  room  temperature. 

The  schedule  of  temperatures  and  pressure  cycles  is  shown  inTable  B-l.  An  additional  creep  test  was 
added,  holding  the  strut  at  takeoff  temperature  and  pressure  for  3.0  hours  (equivalent  to  approxi¬ 
mately  200  takeoffs,  representative  of  one  or  two  years  of  experimental  flight  testing).  This  creep 
test  was  inserted  prior  to  the  ‘ultimate’  test. 


TABLE  B-l 

TEST  SCHEDULE  OF  TEMPERATURE  AND  PRESSURE  CYCLES 


Tart 

BHH 

Prewar* 

NaxofC 

Remarks 

ft  / 

350°F 

3p*i9 

Pretest 

Measurement 

Cruise 

350 

S 

2  x  Cruise 

550 

6 

1,3,10 

Takeoff 

4A 

550 

6 

1 

Three  Hour 

550 

8 

1, 3, 10 

Creep  Test 
(200  takeoffs) 
1.33  x  Takeoff 

1  8 

550 

12 

1,  3, 10 

2  x  Takeoff 
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TEST  RESULTS 


Initial  Tests 

Results  of  Tests  1  through  3  are  shown  in  Table  B-2.  After  22  minutes  of  Test  4A,  the  lower 
rivet  pulled  through  the  skin,  terminating  the  test.  Prior  to  this  failure,  the  growth  of  the  strut  was 
insignificant. 

Analysis  of  Failure  and  Repairs 

A  photograph  of  the  strut  with  the  failed  rivet  is  shown  in  Figure  B-2;  a  closeup  of  the  pulled 
out  rivet  head  is  shown  in  Figure  B-3. 

The  reason  for  the  failure  was  determined  by  sectioning  several  of  the  riveted  struts  (not  the 
test  strut).  Typical  rivet  appearances  were  found  to  be  as  shown  in  Figure  B4a.  It  is  apparent  that 
the  forming  of  the  rivet  head  has  not  resulted  in  mushrooming  and  clamping  of  the  skin,  but  instead 
the  rivet  shank  has  increased  in  diameter  by  nearly  20%,  enlarging  the  hole  in  the  post,  displacing  the 
countersunk  skin  material,  raising  the  skin  away  from  the  post,  and  providing  no  appreciable 
clamping  action. 

The  first  attempt  at  a  repair  was  to  weld  the  rivet  to  the  skin.  This  would  make  a  gas-tight 
seal  and  a  good  mechanical  connection,  if  good  fusion  to  the  rivet  could  be  achieved.  The  typical 
results  of  several  tests  are  illustrated  in  Figure  B-4b.  Some  good  welds  to  the  rivet  were  successful 
(lower)  but  frequently  the  rivet  did  not  bond  to  the  skin  (upper).  Two  reasons  for  this  appeared  to 
be  (a)  the  lack  of  good  clamping  of  the  skin,  after  the  rivet  was  melted,  and  (b)  the  rivet  material 
(4117)  is  not  considered  readily  weldable. 

The  next  attempt  at  repair  was  to  weld  the  skin  directly  to  the  post.  The  skin  (6061  -TO)  is 
readily  weldable  with  the  4043  weld  wire  and  the  post  is  cast  3S6  aluminum,  also  readily  weldable. 
To  clean  the  material  and  the  casting  scale,  a  hole  of  0.093  inch  to  0. !  25  inch  diameter  was  drilled 
through  the  skin  into  the  post,  about  1/4  inch  from  the  rivet.  The  arrangement  is  self-fixturing  to  a 
degree,  since  the  rivet  should  retain  the  skin.  A  copper  ‘chill’  consisting  of  a  1/4  inch  thick  copper 
plate  with  a  3/8  inch  diameter,  100°  countersink  hole  was  fabricated  to  be  placed  over  the  weld  to 
keep  the  heating  and  distortion  of  the  strut  to  a  minimum. 

The  resulting  welds  and  problems  are  illustrated  in  Figdre  B-4c.  The  clamping  action  of  the 
rivet  and  chill  was  not  adequate  to  prevent  the  skin  from  lifting  off  the  post.  The  residual  material 
on  the  interior  surfaces  (casting  scale,  mill  scale,  zinc  chromate)  could  not  be  adequately  cleaned, 
resulting  in  cracked  and  porous  welds.  No  assurance  could  be  given  of  adequate  welds  by  external 
inspection  or  X-Ray.  The  welding  approach  was  therefore  abandoned,  in  favor  of  mechanical 
methods. 

Two  mechanical  approaches  were  tried.  In  one,  a  4-40  screw  hole  was  drilled,  tapped  and 
countersunk  next  to  the  existing  rivet  (same  location  as  the  welds  of  Figure  B-4c  all  the  way  through 
the  strut).  A  flat-headed  aluminum  screw  slightly  longer  than  the  strut  thickness  was  used.  The 
threaded  end  of  the  screw  was  riveted  or  peened  to  prevent  the  screw  from  backing  out.  This 
appeared  acceptable,  except  that  a  tolerance  problem  might  exist  because  the  posts  in  the  production 
struts  might  be  slightly  cocked,  and  leakage  around  the  screwhead  would  be  hard  to  avoid.  The 
method  appeared  expensive,  and  also  would  not  prevent  leakage  around  the  old  rivet. 
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TABLE  B-2 


Repair  Cross  Section 


The  second  mechanical  approach  was  to  replace  the  existing  rivet  It  was  believed  that  the 
reason  that  the  existing  rivet  was  unsatisfactory  was  due  to  the  fact  that  the  rivet  was  harder  than  the 
material  around  it.  The  41 17-(T4)  rivet  shank  was  not  being  restrained  by  the  relatively  thin  walls  of 
the  (cast  A1 356)  post,  or  by  the  606  NO)  annealed  skin.  However,  if  the  rivet  were  in  either  the 
annealed  or  quenched  condition,  it  could  be  properly  upset  into  the  countersunk  skin.  This  was 
demonstrated  by  reheat  treating  some  of  the  original  rivets  and  inserting  them  in  driiled-out  holes. 

This  was  partially  successful,  but  two  problems  arose.  In  the  drilling  process,  the  posts  were  fre¬ 
quently  rotated  by  the  drill  to  about  a  45*  position  with  respect  to  the  strut.  Secondly,  the  enlarged 
shank  of  the  old  rivet  frequently  came  out,  leaving  a  hole  too  targe  for  the  rivet,  resulting  in  insuffi¬ 
cient  rivet  material  to  form  a  proper  head. 

The  problem  of  the  twisting  posts  was  solved  by  fabricating  a  pair  of  tongs  (Figure  B-5)  which 
could  be  used  to  restrain  the  post  in  its  proper  position  during  the  drilling  operation.  The  problem 
of  the  enlarged  shank  was  solved  by  employing  the  next  larger  size  rivet;  the  hole  for  this  rivet 
removed  all  of  the  original  rivet. 

In  order  to  form  a  good  head,  a  rather  long  rivet  was  used,  and  hand-peened  to  form  an  over¬ 
size  'mushroom’.  In  order  to  ensure  that  the  head  could  be  formed  properly,  it  was  necessary  to 
restrict  the  diameter  of  the  countersink  to  be  less  than  the  width  of  the  post  (0.205  inch  minimum). 

This  is  smaller  than  the  specified  diameter  of  countersink  for  this  size  rivet  (0.228  inch).  Therefore 
the  manufactured  head  and  the  formed  head  both  protrude  from  the  skin.  The  manufactured  head 
was  peened  down  slightly,  and  then  both  sides  were  cleaned  by  grinding  flush  to  the  skin.  The  result¬ 
ing  rivet  sections  proved  very  reproducible,  appearing  typically  as  shown  in  Figure  B-4d.  These  appeared 
satisfactory  for  continuation  of  the  test. 

It  should  be  noted  that  this  repair  procedure  differs  from  the  riveting  specifications  in  three 
respects:  use  of  W-condition  ‘as-quenched*  rivets;  working  the  manufactured  head;  and  reducing 
the  diameter  of  the  flat  head  by  grinding.  The  justification  for  these  deviations  is  the  use  only  for 
this  repair,  under  strict  surveillance.  For  future  production  a  redesign  is  required. 

Following  the  demonstration  of  a  reproducible  repair  procedure,  both  rivets  of  the  test  strut 
were  repaired  for  continuation  of  the  test.  In  drilling  out  the  failed  (lower)  rivet,  the  hole  was  drilled 
so  that  half  of  the  formed  head  of  the  old  rivet  was  not  removed.  The  countersink  operation  removed 
the  old  head,  and  also  champfered  around  the  new  hole.  The  formed  head  of  the  new  rivet  thus  had 
to  be  spread  to  fill  both  the  old  and  the  new  countersinks.  This  represented  a  ‘worst-case’  for  the 
repair  technique,  since  any  less  desirable  repair  would  require  scrapping  of  the  strut. 

The  repaired  strut  is  shown  in  Figure  B-6. 

Completion  of  the  Test 

The  repaired  strut  was  subjected  to  tests  4A,  4,  and  5.  The  results  of  these  tests  are  shown  on 
Table  B-3.  The  3-hour  creep  test  resulted  in  a  growth  in  thickness  of  0.007  inch,  0.01 7  inch,  and 
0.015  inch  respectively  at  the  three  measurement  locations.  Ten  pressure  cycles  to  1.33  times  takeoff 
condition  resulted  in  barely  measurable  further  growth,  and  started  very  small  leaks  around  the  rivets. 

At  the  ultimate  load  condition  (2  times  takeoff)  continued  growth  is  apparent,  and  increased 
leakage.  However  no  failure  occurred. 
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TABLE  B-3 

RESULTS  OF  TESTS  4A  THRU  5  AFTER  STRUT  REPAIR 


Appearance  of  the  strut  after  completion  of  the  test  is  shown  in  Figure  b-7  (strut  was  buffed 
to  emphasize  skin  dimpling)  and  Figure  B-8  where  the  left  strut  (after  test)  Is  compared  with  an  un¬ 
tested  strut.  The  bulging  is  seen  to  be  quite  general,  and  the  rivet  is  effective  only  over  a  relatively 
small  part  of  the  skin. 

CONCLUSIONS 

a.  The  struts  as  manufactured  were  not  satisfactory  for  use  due  to  inadequate  formed 
rivet  heads. 

b.  The  replacement  of  the  inadequate  rivets  with  an  appropriate  rivet  procedure  is 
reproducible. 

c.  The  repaired  struts  will  have  sufficient  strength  to  withstand  extended  ground  testing 
and  flight  testing  appropriate  to  test  aircraft. 

d.  All  of  the  482  production  struts  were  repaired  using  the  demonstrated  repair  technique. 

e.  A  redesign  is  required  for  any  future  production. 


166 


Figure  B-8.  Test  Strut  (left)  After  Test  to  Ultimate  Stress  (front  view) 
Compared  to  Untest  Strut  (right) 
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This  report  presents  the  results  of  the  analysis  and  design  of  a  static  ground  test  version  of  a 
Quiet  Research  Test  Vehicle  tQRTV)  utilizing  flightworthy  propulsion  system  components.  Also 
included  is  a  discussion  of  the  fabrication  of  a  sufficient  number  of  propulsive  struts,  employing 
multiple  microiets,  to  propel  a  Schweizer  SGS  2-32  sailplane  up  to  123  knots  airspeed. 

The  analysis  and  design  encompasses  the  information  required  to  modify  the  sailplane  struc¬ 
ture  to  incorporate  the  propulsion  system  for  basic  ground  tests.  The  design  of  the  static  ground 
test  is  not  covered  completely.  Overall  consideration  of  the  ultimate  QRTV  flight  version  has  been 
a  primary  goal  in  the  analysis  and  design  phase  of  this  program. 

As  negotiated  originally,  the  modification  to  the  wing  structure  necessary  to  install  the  span- 
wise  ducts  was  not  a  task  in  Phase  II.  Late  in  the  program,  the  analysis  and  design  of  the  spanwise 
wing  duct  installation  was  added  to  the  program.  Furthermore,  hot  pressure  tests  of  a  sample  pro¬ 
duction  propulsive  strut  were  also  included.  Results  of  these  two  additional  tasks  have  been  incor¬ 
porated  as  appendices  in  this  report. 
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